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RESTRICTE D-FEEDING VERSUS SELF-FEEDING SOWS DURING PREGNANCY 
R. w. Seerley1 and J. F. Fre drikson2 
Southeast E xperimental Farm 
An experiment was designe d to compare the performance of sows during preg­
nancy when self- fed a bulky ration or limit-fed a higher energy ration. In the 
fall of 196 4 ,  se cond litter sows were self-fe d  and housed together during the 
breeding period. After the breeding period , the sows were divide d  and one group 
was self- fed and the other group was limit- fe d 5 lb. per head daily. Limit-fe d 
sows were given their feed once daily in open troughs. Self-fed sows had access 
to a round metal fee der at all times. Water was fe d ad libitum and p asture was 
available to both groups. The two rations are shown In table 1. 
In the spring of 196 5 , gilts were self-fed a bulky ration prior to and during 
bree din g ,  then they were divided into the self-fed group and limit-fe d  group. 
They farrowed their second litter on the same study , also. 
Table 1. Composition o f  Rations 
Ingredients Self-fed Limit-fed 
Tu. Tu. 
Shelled corn 5 35 1310 
Oats 6 0 0  2 0 0  
Alfalfa hay 700 2 0 0  
S oybe an meal (44% ) 130 240 
Dicalcium phosphate 2 0  3 6  
T.M. salt 10 10 
Vitamin-antibiotic premixa 10 10 
2 0 0 5  2006 
a Premix provi de d 6 million u.s.P. units of vitamin A ,  
6 0 0 , 00 0  u.s.P. units of vitamin D2 , 4 gm. o f  riboflavin , 
10 gm. of p antotheni c aci d ,  3 0  gm. of niacin , 2 0 0  gm. o f  
choline , 2 0  mg. o f  vitamin B 12 . 6 gm. of peni cillin and 
30 gm. o f  streptomycin per ton o f  ration. 
l Department of Animal S cience , South Dakota State University. 
2 Southeast Experiment Farm , Beresford , South Dakota. 
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Results 
A summary is shown in table 2 .  Self-fed sows ate nearly 9 lb. of feed per 
day during gestation for the three periods . In the first and third periods 
( winter) sows ate 9 . 6  and 10 . 0  lb. per day, whereas first litter gilts ate on ly 
7 . 4  lb. per day during the summer when pasture was plentiful. The average 
daily feed consumption of self-fed s ows in all periods was nearly 4 lb. more than 
the quantity fed to limit-fed sows . The difference in feed cost was approxi­
mately 11 cents per day or $8 . 80 per s ow for each 80-day period ,  
There was s ome variation in the number o f  pigs farrowed and weaned between 
treatments within each farrowing-lactation period, but the difference in the 
number of pigs farrowed and weaned was small when the three periods were combined. 
Birth weight of pigs in the limit-fed group was slightly heavier than those 
in the se lf-fed group in all three periods . This difference is not important and, 
in fact, it is surprising because limit-feeding usually de creases the birth 
we ight of pigs . The leve l of feeding was relative ly high and permitted opt imum 
fetal development . 
Se lf-fed sows averaged 18 lb. more wei ght gain than the limit-fed s ows 
during the 80-day period. The gilt s  in the secon d farrowing were not weighed. 
The limit-fed sows were in good condition at farrowing and they were in good 
condition at weaning time, so the excess condition of the se lf-fed s ows was not 
beneficial.  
The results of th is experiment illustrate that se lf-fed s ows consume more 
nutrients than necessary for good reproduction . A considerable quantity of feed 
can be saved and the cost of producing pigs can be decreased by limit-feeding 
sows . The 5 lb. per head daily leve l  of feeding was adequate for good repro­
ductive performan ce . There is adequate evidence at several experiment s tati ons 
to show that lower levels of feeding wil l  support good reproduction . 
Table 2 .  Results of Three Gestation-Lactation 
Av . Av. Av. 
No , dai ly live birth 
Method of of feed, pigs per wt . ,  
Farrowing period feeding sows lb .  litter lb. 
Spring 1965 Limit-fed 7 5 , 00 12 . 5 7 3 . 11 
( Second 1i tter sows ) Se lf-fed 7 9 . 6 2 11. 14 2 , 93 
Fall 196 5  Limit-fed 10 5 , 00 9 , 40 3 . 16 
( First litter gilts ) Self-fed 1 1  7 . 39 9 , 64 2 , 92 
Spring 196 6  Limit-fed 11 5 , 00 9 , 45 3 , 13 
(Second litter sows ) Se lf-fed 10 10 . 00 11. 10 3 . 03 
Periods 
Av. 
no. 
pigs 
weaned 
9 . 43 
7 . 43 
7 . 30  
7 . 7 3  
8 , 82 
9 , 10 
Begin-
ning 
wt . ,  
lb. 
408 
416 
4 0 8  
4 3 1  
Average of three gestation-lactat ion periods 
Limit-fed 2 8  5 . oo 
Self-fed 28  8 . 92 
2 
10 . 2 1 3 , 13 
10 . 54 2 , 97 
8 , 43 
8 , 14 
408 
425 
Far-
rowing 
wt., 
lb. 
485 
511 
4 80 
5 22 
482 
517 
Wt . 
gain, 
lb . 
77 
95 
72 
91 
74  
92  
South Dakota State University 
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EFFECT OF RESTRICTED FEEDING ON GRAVID SOWS 
R .  w. Seerley and R .  D .  Magstadt 1 
Restricte d-feeding of s ows has been wide ly accepted as a method of feeding 
during pregnancy . However, the bes t  leve l of fee ding during specific phases of 
the pregnancy period has not been well e s tablished.  
This s tudy was initiate d  t o  compare two s chemes of fee ding the same ration, 
but the total quantity of feed consumed during pregnancy was the same between 
the two treatment groups .  
Experimental Procedure 
Eight Hampshire and eight Yorkshire gilts were allotte d  into two equal 
group s .  Four of each breed were in each pen and most were paired littermates .  
The sows were housed on brome pasture and fed in individual stalls to control 
feed intake . Both groups were fed the ration shown in table 1, but the quant ity 
was controlled according to the s chedule in table 2 .  Each sow in each group was 
fed approximately 5 0 5  pounds of feed during the 114 day gestation period.  
Table 1.  Compos ition of Ration 
Ingredient Percent 
Gr. yellow shelled corn 
Gr. oats 
Dehydrated alfalfa meal ( 17% ) 
Soybean meal ( 44%) 
Dicalcium phosphate 
Trace mineralized salt 
Vitamin-ant ibioti c  premixa 
6 5 . 5  
10 . 0  
10 . 0  
12 . 0  
1 . 8 
o.s 
0 . 2  
a Added 2 2 7 0  u . s . P .  units of vitamin A, 224 r.c. 
units of vitamin D, 4 mg. of riboflavin, 8 mg . 
of pantothenic acid, 18 mg.  of niacin, 2 0  mg.  of 
choline chloride, 6 . 6  mcg . of vitamin B12 and 5 
mg.  of chlortetracycline per pound of ration . 
The sows were weighed at the start of breeding, 70 days later, on the 109th 
day of pregnancy, and 1 day and 3 weeks after farrowing.  The pigs were weighed 
at birth and at 3 weeks of age at the time of weaning . Pigs were given a strength 
score at birth . The value ranged from 1 to s, weak to strong, respectively .  
1 Department o f  Animal Science, South Dakota State University. 
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Table 2 .  Leve ls of Feeding Prior To, During, 
and After Gestation 
Lot 1 
Feeding s cheme Lb . /day 
Prebreeding 4 . 0  
2 weeks before t o  1 week s . o 
after bree ding ( 3  weeks ) 
To 70 days pregnancy 4 . 0  
To 93 days pregnancy s . o 
To term s . o  
Lactation Full-fed 
Lot 2 
Lb . /day 
4. 0 
s . o 
3 . 0  
4. 0 
9 . 0 
Full-fed 
The sows farrowed two litters; the first litters were farrowed in September, 
196 5, and the second litters in March, 1966 .  
Res ults and Discuss ion 
Three sows in each group in the first farrowing failed to provide complete 
data ( table 3 ) .  These sows either aborted or farrowed stillborn or weak pigs . 
The cause of the problem could not be determined. Abortion or weak pigs at 
birth did not occur with the other animals on the trial or with other sows in 
the herd . All of the sows were Hampshire and they had been bred to a related 
s ire, thus a problem in geneti c  relationship was poss ible . Four of these six 
sows were littermates .  
In the second farrowing, three Yorkshire s ows and one Hampshire sow farrowed 
litters in lot 1 and four Yorkshire sows and two Hampshire sows farrowed litters 
in lot 2 .  Two s ows in lot 1 and one s ow in lot 2 did not con ceive, The remain­
ing sows were out of the experiment for reasons such as death and injury on ice . 
A ll sows failing to farrow normal litters in this st udy were not included in the 
tabulated data because the problems did not appear to be re lated to the feeding 
levels . 
The sows in lot l were heavier at the s tart of breeding than the s ows in lot 
29 but they gained about the same weight in each group during their first pregnan cy . 
However, the sows in lot l gained more than sows in lot 2 in their se cond 
pregnancy. 
The data on the pigs from the two treatment groups were cons is tent between 
the two farrowing-lactation periods . One exception was that s ows in lot 1 
farrowed smaller pigs in the first pregnancy, whereas they farrowed larger p igs 
than s ows in lot 2 during their second pregnan cy . Differences observed between 
the two groups of s ows were small. Litter size at birth was about the s ame in 
both groups, but more pigs in group 2 died during the lactation period.  The 
higher death loss of pigs in group 2 occurred in both the first and se cond litters . 
The higher death loss in group 2 is  surprising be cause these were exceptionally 
strong pigs at birth and they had a s light average ( both pregnancies ) weight 
advantage over pigs in group l .  
4 
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More animals are neede d  to make any conclusions about these levels of 
feeding.  The trial will be repeated to provide more observations on each 
treatment . 
Table 3 .  Results of the Two Pregnancy- Lactation Periods 
No. of s ows 
No. of s ows farrowing 
Wt . at s tart of breeding, lb . 
Wt . ,  7 0  days later, lb . 
Wt . ,  109 day ges tation, lb . 
Wt . t 2nd day post farrowing, lb. 
Wt . ,  3 weeks post farrowing, lb . 
Av . no. live pigs per litter 
Av . birth wt . ,  lb . 
Av . s trength score 
Av . litter size, 3 weeks 
Av . 3 week wt., lb . 
Av . stillborn and mummified 
pigs at birth 
Firs t pregnancy Second pregnancy 
Lot 1 Lot 2 Lot 1 Lot 2 
8 8 7 8 
5 5 4 6 
3 2 3  290 418 418 
374 3 44 471 452 
405 376 5 3 4  5 0 0  
3 5 6  329 482 455 
346 316 43 5 411 
10 . 60 10 . 80 10 . 2 0 10 . 66 
2 . 2 5 2 . 6 8 2 . 94 2 . 72 
4 . 0 5  4 . 96 4 . 85  4 . 93 
9 . 2 0 8 . 40 9 . 2 5  8 . 66 
12 . 1  12 . 7  14. 2  16 . 0  
0 0 0 . 2 5 0 . 83 
5 
Av . of both 
pregnancies 
Lot 1 Lot 2 
1 0 . 44 10 . 72 
2 . 5 5 2 . 70 
4 . 40 4 . 90 
9 . 22 8 . 5 4 
13 . 0  14, 5 
0 . 11 0 . 45 
South Dakota State University 
Brookings, South Dakota 
Department of Animal Science 
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EFFECT OF SUPPLEMENTING LOW-PROTEIN RATIONS WITH LYSINE 
IN THE DRINKING WATER 
R .  w. Seerle y  
One o f  several objectives in a swine feeding program is to make optimum 
use of the protein in the diet . The balance of amino acids in the ration wil l 
be used more for maximum gains and efficiency of feed utilization . The percent 
crude protein in the ration can be less than present standards, provided the 
amino acid supply is adequate and present in the proper ratio . 
On the other hand, meat type animals require adequate protein for muscle 
development, which increases the need for more protein in the ration . Because 
the competition for protein feed will be come greater in the future and because 
the amino acid requirement of the meat type pig is not we ll de fined, more 
information is needed on feeding amino acids to modern pigs . 
Lysine is one of the more limiting amino acids in swine rations, although 
it is considered adequate in most corn-soy type rations by most nutritionists . 
When lysine has been added to the ration, the results have not shown a consistent 
benefit with lysine . In the earlier research at this station there have been 
good responses with s ome treatments of lysine in the water, but other times the 
response has been negligible . One of our obje ctives is the understanding of 
the difference in the effects we have observed and to develop a consistent 
response with lysine . The objective of this trial was to determine the effect 
of adding different levels of L-lysine hydrochloride in the drinking water 
when the pigs were fed a corn-soy ration which was lower in protein content 
than normally recommended at the respective weight of the pigs . 
Experimental Procedure 
Ninety-eight Yorkshire pigs were randomly allotted into two lots of eight 
pigs each, except sex was equal in each pen .  The six experimental treatments 
were: 
Lots 1 and 7 Plain water 
Lots 2 and 8 1 gm. per gallon of L-lysine hydroch loride 
Lots 3 and 9 2 gm. per gallon of L-lysine hydroch loride 
Lot s  4 and 10 - 4 gm. per gallon of L-lysine hydrochloride 
Lots 5 and 11 - 6 gm. per gallon of L-lysine hydrochloride 
Lots 6 and 12 - 4 gm. per gallon of L-lysine hydroch loride plus 2 gm. 
of D L-tryptophan per 5 0  gallons of water 
All pigs were fed rations in accordance with the s che dule shown in table 1 .  
They were self-fe d and water was provide d a d  libitum in 80  gallon tank-type 
waterers . Feed and water consumption data-Were recorded. The pigs were confined 
in houses with adjoining concrete-floored pens . 
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Table 1.  Composition of Rations 
Fee din� �eriod 
Start to 75 to 150 t o  
Ingredient 75 lb. 150 lb. 2 0 0  lb. 
She lled corn, lb . 843 890 9 3 0  
50% s oybean meal, lb . 1 2 8  80 40 
Dicalcium phosphate, lb. 16 18 18 
Limes tone, lb . 5 3 3 
Trace mineral salt, lb .  5 5 5 
Vitamin-antibiotic premixa 3 3 3 
Total 1000 999 999 
Crude protein, % 14 12 10 
a The premix provided 1135 I . U .  vitamin A, 340 I . U .  vitamin D, 2 mg . riboflavin, 
4 mg . calcium pant othenate, 9 mg. niacin, 10 mg . choline chloride, 7 mcg .  
vitamin B12 per pound of ration . The 14% crude protein ration had 10 mg. of 
chlortetracycline per pound of ration and the 12 and 10% crude protein 
rations had 5 mg . of chlortetracycline per pound of ration . 
Results 
A summary of the results is shown in table 2 .  The control pigs had the 
s lowest daily gain . The pigs receiving 4 gm. of lysine per gallon of water had 
the fastest gains, which was 8 . 6% fas ter than the control pigs . Daily gain did 
not increase consistently with an increase in the amount of lysine in the 
water. Gains of pigs receiving 2 gm . per gallon were be low that of the group fed 
1 gm . per gallon and on ly slightly above the control group . This difference 
may be exp lained in part by greater feed consumption of the group fed the lower 
level of lysine . 
In general, pigs fed more lysine gained faster and required less feed per 
pound of gain than pigs fed no or little lysine . There did not appear to be any 
advantage of feeding more than 4 gm . of lysine per gallon of water . Pigs fe d 
4 gm. or more of lysine per gallon of water require d about 19 fewer pounds of 
fee d per one hundred pounds of gain . There was no advantage of adding trypt ophan 
at the leve l used in the water . Daily water consumption was not affe cted by the 
various levels of lysine in the water . 
Each pig receiving the water with 4 gm. of lysine per gallon consumed nearly 
a pound of lysine during the trial or nearly 3 . 2  gm. per pound of gain . The 
improved feed efficiency did not quite offset this additiona l expense at the 
current price of lysine. 
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T able 2. Effect of Various Levels of L-lysine in Low Protein Rations 
4 gm . 
1 gm . 2 gm . 4 gm. 6 gm . L- lysine 
L-lysine L-lysine L-lysine H L-lysine H + 2 gm. 
Plain gal . H per per gal . per gal . per 50 gal . 
Trial water water gal . water water water DL-tryptophan 
Lot number 1 , 7  2 , 8 3,9 4, 10 5 , ll 6, 12 
No . pigs 1 8 8 8 8 8 8 
2 8 8 8 8 8 8 
Av . init . wt . , lb . 1 57.5 58.3 59.5 58.1 58.6 59.5 
2 50.0 50.1 50.3 49.4 48.5 49.l 
Av. final wt . ,  lb . 1 2 0 0.0 204.4 202.8 2 02.3 2 0 4.2 2 05.3 
2 2 0 0.2 2 0 2.6 202.6 2 02.9 2 0 1.5 200.5 
Av . daily gain , lb . 1 1.50 1.55 1. 51 1.66 1.53 1.59 
co 2 1.49 1.6 1  1.51 1.60 1.6 8  1 , 58 VJ 
Av . 1.49 1 , 59 1.51 1 , 6 3  1.6 1  1. 5 8  
A v .  daily fee d,  lb , 1 4. 72 5.09 4.79 5. 0 4  4.79 4.75 
2 4.86 4.94 4.93 4.81 4 , 94 4 , 82 
Av. 4 , 79 5.02 4 , 86 4 , 92 4.8 7 4 , 78 
Feed per lb. gain , lb. 1 3.14 3 , 2 8 3.18 3 , 04 3 , 13 2 , 98 
2 3.2 7 3 , 0 8 3 , 2 7 3 , 0 1 2 , 94 3 , 05 
Av . 3 , 2 1 3.16 3.22 3.02 3,03 3 , 02 
Av. daily water , gal .  1 1.3 0  1.29 1. 30  1.2 6  1.33 1. 32 
2 1.3 1  1. 3 0  1.22 1 , 2 8 1.2 1 1.32 
Av. 1.30 1.29 1 , 2 6  1.2 7 1, 27  1.3 2  
Av. daily lysine 1 0 1.2 2.6 5 , 1 8.0 5.3 
consumed ,  gm. 2 0 1.3 2 , 4 5.1 7 , 2  5 , 3 
Av. 0 1.3 2.5 5 , 1  7.6 5.3 
South Dakota State Univers ity 
Brookings , South Dakota 
Department of Animal Science 
Agricultural Experiment Station A.  s. Serie s 66-20 
A PROGRESS REPORT ON THE PERFORMANCE OF GROWING-FINISHING SWINE 
UNDER DIFFERENT ENVIRONMENTAL CONDITIONS 
R .  w. Seerleyl , H .  G .  Young2 and J. F .  Fredrik son3 
S outheast Experimental Farm 
Another serie s of trials have been completed on the e ffects of various 
floor type s ,  number of pigs per pen and open versus in sulated , ventilated hous ing 
on the performance of growing-finishing pigs . The floor type s  were: 10 0% 
slotted , 5 0% slotted , 2 5 %  slotted , and concrete with a narrow , deep gutter across 
the end of the pen . The slats were 5 inch wide reinforced concrete . Pits under 
the floor accumulated the manure . Pen sizes were either 5 x 15 fee t  or 10 x 15 
feet . E i ght or 9 p igs were placed in the smaller pens and the number of pigs was 
doubled in the larger pens . The p igs used in the se trials were SPF Hamp shire , 
Yorkshire , and Duree cros sbred p igs . 
A 22 x 22 foot house with an adjoining outside concrete pen was used to 
compare the performance of p igs reared in this environment with the pigs in the 
insulated , ventilated house .  Bedding was used in this house during both trials 
and the p igs were watered outside . One of two groups in thi s  house was fed ins ide 
and the other was fed outs ide . 
The rations used in these trials are shown in table 1 .  The high prote in 
ration was fed up to 7 5  lb . body weight , then the 14% crude protein ration was 
fed to 12 5 lb . and then the 12% crude protein ration was fed to the end of the trials . 
Table 1 .  Swine Rations Used at the Southeast Experimental Farma 
Lb . Lb . Lb . 
Shelled corn 766  820 872 
Soybean meal (44% ) 2 0 0  15 0 100 
Dicalcium phosphate 15 10 10 
Limestone 7 8 8 
Trace mineral salt 5 5 5 
Premixb 2 . 5  2 . 5  2 . 5  
Calculated analysis: 
Crude protein , % 16 14 12 
C alcium , % 0 . 12 0. 6 1  o . 5 8 
Phosphoru s ,  % o . 5 9 o . 48 o . 5 1 
a The 16% crude protein ration is fed from weaning to 7 5  lb., the 
14% ration from 7 5  lb. to 12 5 lb . and the 12% ration is fed to 
market weight. 
b E ach p ound of premix provided 2 gm. oxytetracycline , 6 0010 0 0  
u . s . P .  units o f  vitamin A ,  6 0100 0  I . C .  units o f  vitamin D3 , 400 
mg . of riboflavin , 110 00 mg . of p antothenic acid , 31000 mg . of 
niacin , 2 01000 mg . of choline and 2 mg . of vitamin B12• 
1 Department of Animal Science , S outh Dakota State Univers ity . 
2 Department of Agri cultural Engineering , South Dakota State University .  
3 Southeast Experiment Farm , Bere sford , South Dakota . 
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Results and Discussion 
Results of the two trials are shown in tables 2 and 3 .  The type of flooring 
did not significantly affect the daily gain of the pigs in the winter or summer 
trials. Pigs on the concrete floors did gain slightly faster than pigs on 
slotted floors in both trials. However , differences in daily gain between types 
of floors were small and supported the previous results (A . S .  Series 6 5-19) that 
pigs gained about the same on the various types of floors . 
Feed e fficiency was rather consistent between pigs on the various floor types . 
These same results were reported in the previous trials. 
Pigs housed in uninsulated open housing gaine d as rapidly as pigs in the 
insulated house in both the winter and summer trials . They required approximately 
4% more feed per pound of gain in the winter, but their utilization of feed was 
equally as good in the summer trial . 
The size of pen (and number of pigs per pen ) did not affe ct the performance 
of the pigs in either trial (table 3 ) .  The larger pens with twice as many pigs 
as the smaller pens appeared to be less crowded and provided more freedom of 
movement than the smaller pens , but this did not apparently influence the 
performance of the pigs . There was some tail biting in all pens , yet the biting 
appeared to occur earlier and more often in the smaller pens. Tail biting did 
not occur in the uninsulated house . 
The labor requirement was essentially the same for the three floors with 
slotte d  area .  Feeders were moved to the middle of the pen and used as partitions 
to control the pen area when the pigs were smaller. Feeders were move d toward 
the end of the pen as more space was needed by the pigs . This was an effe ctive 
way of keeping the pen clean . The concrete pens with the narrow gutter were 
usually dirty and had to be scraped two to three times a week , which increased 
the labor and cost of production on this type of flooring. 
This is a progress report . The data in all trials will be combined and 
reported as a complete summary in the future . 
10 
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Table 2 .  Results of Winter Trial ( 1965-6 6 ) and Summer Trial ( 196 6 )  
Floor type 
Complet ely 
slotted 5 0% slotted 25% slotted Narrow gutter 
Winter Trial 
---
No . of pigs 8 16 8 16 8 16 8 16 
Av . initial wt . ,  lb. 69 6 8  6 8  7 0  70 69 67  71  
Av. final wt.� lb. 195 191 194 192 197 199 198 2 0 1  
Av . dai ly gain , lb . 1. 5 5  1. 5 1  1 . 5 6  1 . 5 1  1. 5 6  1 . 60 1. 61 1. 6 0  
Av . , lb. 1 . 52 1 . 52 1 . 59 1. 6 1  
Av. daily feed , lb . 5 . 93 5 . 6 3 5 . 5 3 5 . 6 8 6 . 10 5 , 93  5 , 92 6 , 2 0 
Feed per lb . gain , lb. 3 . 82 3 . 73 3 , !)5 3 .  77 3 , 90 3 , 7 1 3 , 67 3 . 87 
Av. 1  lb . 3 . 76 3 , 69 3 , 78 3 , 80 
Summer Trial 
-
No . of pigs 9 18 9 18 9 18 9 18 
Av. initial wt . , lb. 37 37 37 37 38 37 3 8  3 8  
Av . final wt . ,  lb . 2 18 2 17 2 15 2 17 2 19 22 1 2 11 2 2 5  
Av. daily gain , lb . 1 . 47 1 . 46 1. 5 4  1.  5 5  1. 5 6  1 . 59 1 . 5 3  1. 6 5  
Av. , lb. 1. 47 1 . 5 5  1 . 5 8  1. 61 
Av . daily feed , lb . 4 . 83 4. 6 3  4 . 66 4 . 7 3 4 . 83 4 , 96 4 . 77 5 . 12 
Feed per lb. gain , lb. 3 . 2 8  3 . 17 3 . 03 3 . 05 3 . 09 3 . 12 3 . 12 3 ,  10 
Av. , lb. 3 .  2 1  3 , 04 3 . 11 3 . 11 
''"""�· 
Uninsulated 
house 
16 15 
7 1  7 0  
198 2 0 3  
1 . 5 7 1. 6 4  
1 . 60 
6 . 17 6 , 48 
3 , 94 3 , 94 
3 . �4 
9 9 
37 38 
205 216 
1 . 6 1  1 .  7 1  
1. 6 6  
5 . 22 5 . 2 0 
3 . 2 4  3 . 04 
3 . 13 
w 
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Table 3 .  Effect of Pen Size 
5 x 15 ft . 10 x 15 ft. 
pens pens 
Winter Trial 
No . of pigs per pen 8 16 
Av. daily gain, lb. 1. 5 7  1 . 5 6  
Feed per lb . gain, lb. 3 .  73 3 . 7 7 
Summer Trial 
No. of pigs per pen 9 18 
Av . daily gain, lb. 1. 5 2  1 . 5 6  
Fee d  per lb. gain, lb. 3 . 13 3 . 11 
12 
South Dakota State University 
Brookings, South Dakota 
Department of Animal Science 
Agricultural Experiment Station 
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R. W .  Seerley 
A. s. Series 66-21 
Several expensive ingredients are normally included in baby pig rations for 
optimum performance of the pigs . Some of these ingredients are rolled (hulle d )  
oats , dried skimmilk, dried whey , sugar and high levels of antibiotics . They 
are added to improve palatability, increase digestibility of the ration and 
protect the pigs from scours and harmful microf lora. Most of the rations are 
highly fortified with vitamins .  All of these materials, plus pelleting, make 
the ration rather expensive . Studies at the Minnesota station have shown that 
pigs do well on the sophisticated rations , but the response over a more simple 
ration is not always enough to pay the cost of these more expensive ingredients . 
An experiment was initiated here to study diets for young pigs. The study 
is expected to .last several years and cover several aspects of the nutrition 
for young pigs. 
The first trial was designed to compare com-soybe an meal-type rations with 
a ration containing some rolled oats , dried skimmilk and sugar as well as some 
corn , soybean meal, minerals, vitamins and an antibiotic .  
Experimental Procedure 
Three trials have been conducted to compare the two rations when fed 
separately and simultaneously to pigs weaned at 3 weeks of age and fed for 6 weeks 
on the trials. The treatments were : 
Lot 1 
Lot 2 
Lot 3 
S-1 ration (multiple ingredients ) 
S-2 ration (corn-soybean meal ) 
S-1 and S-2 rations simultaneously in separate feeders 
Composition of the rations is shown in table 1 .  The calculated crude protein 
content of the rations is 2 0% .  Water and feed were provide d ad libitum . The fee d 
was placed in round Kumfort Kup feeders . Small quantities of-reed were placed in 
the feeders frequently to keep the feed fresh .  The rations were not pelleted. 
Pigs were confined inside in trials 1 and 3, but they were permitted outside 
in a concrete floored pen in trial 2 .  Pigs were weighed weekly and weekly feed 
consumption data were colle cted . 
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Table 1 .  Composition of Rations 
Gr. shelled corn 
Rolled oats (hulle d )  
Soybean meal (50% ) 
Dried skimmilk 
Sugar 
Dicalcium phosphate 
Limestone 
T . M .  salt 
Trace mineral 
Vitamin-antibioti c premixa 
Calculate d analysis 
Crude protein , % 
Calcium ,  % 
Phosphorus , % 
S-1 
340 
300  
180  
100 
5 0  
14 
6 
5 
o . 5  
+ 
2 0 . 0  
o . 79 
o . 69 
S- 2 
690 
275  
2 0  
6 
5 
o . 5 
+ 
2 0 . 0  
0 . 82 
0 . 10 
a Premix provided 1135 I. U . vitamin A ,  340 I. U .  vitamin D9 
4 mg . riboflavin , 8 mg. pantothenic acid ,  16 mg. niacin , 
2 0  mg . choline , 10 mcg. vitamin B12 , 1. 13 gm. SP- 2 5 0  per 
pound of ration. 
Results 
A sununary of the three trials is shown in table 2 .  Pigs fed the corn­
s oybean meal ration (S-2 ) or S-1 and S-2 simultaneous ly gained 7 and 10% faster 
than pigs fed the multiple ingredient ration (S-1 ) .  The difference in daily 
gain appeared to be related to a difference in feed consumption .  Pigs fed the 
S-1 ration had a lower daily feed intake than the other two groups of pigs . 
Although one objective of the multiple ingredient ration is to improve feed 
consumption , this did not occur in any of the three trials . Furthermore, the 
same trend was established at 3 weeks as well as at the end of the trials . 
Feed convers ion was better with the S- 1 ration , which suggests that some of 
the ingredients were more easily digeste d. However ,  the cost of production was 
s till higher than the com-soybean meal ration . A combination of both rations 
appeared to be best for maximum gains , but the combination was not ne cessarily 
better for feed conversion . It should be pointed out that pigs were fast 
growing pigs in all of these trials . They averaged betwen 65 to 70 lb. on all 
the rations at 9 weeks of age. 
Figure 1 illustrates a definite preference for the S-1 ration when S-1 and 
S- 2 were fed to the same pigs . There was a de crease of consumption of both rations 
in the second week. The pigs were apparently still adjusting to the early 
weaning and they may have been under the greatest stress during the second week . 
The consumption of S-1 leve led off during the last week of the trials , but the 
consumption of S-2 doubled during the last week . The pigs were apparently 
changing their preference and ratio of consumption between the two feeds . There 
was considerable variation of consumption of the two feeds between the three 
trials , which is another indication that several different feeds would be ideal 
for maximum gains . 
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T able 2. Summary of Three Trials 
S-1 S-2 S-1 and S-2 
Multiple Corn- simulta-
Tria l  ingredients soybean meal neously 
Number of pigs 1 16 15 16 
2 12 12 11 
3 13 14- 14-
Av. initial wt. , lb. 16.8 16. 8 16.8 
(Combined av.) 
Av. final wt. , lb. 65.8 6 8.8 70.8 
(Combined av. ) 
Av. daily gain , lb. 1 1. 0 1  1.06 1.14-
2 1. 27  1.36 1.3 7  
3 1.25 1.3 2  1.3 8  
Av. 1.16 1. 24- 1.2 8 
Av. daily feed ,  lb. 1 2.05 2.2 7 2.36 
2 2. 3 7  2.56 2. 6 8  
3 2.18 2.53 2.6 1 
Av. 2.18 2. 4-4- 2.53 
Av. feed per lb. gain , lb. 1 2. 0 2  2.13 2.01 
2 1.86 1.8 7  1.9 6  
3 1.74- 1. 9 2  1. 89  
Av. 1.8 7  1.97 1.97 
This research illustrates two important points. First , exce llent performance 
can be obtained when pigs are weaned at 3 weeks of age and fed a corn-soybean 
meal type ration. Secondly , when one ration is preferred over another ration 
by e arly weaned pigs , it does not nece s s arily mean that they wil l also gain 
faster on the preferred ration. Palatability of rations is important , but 
there are degrees of palatability. S-.1 and S-2 were palatable rations• but S- 1 
had the e dge on S-2 when pigs had a choice of fee d  (S-2 was not unpalatable ) .  
However , feed intake was increased by the S-2 rat ion when pigs did not have a 
choice between the two rations. In other words , the i dea that "they like this 
feed" is not necessarily a good s ingle criterion to evaluate a feed. More 
criteria such as rate of gain and fee d  efficiency should be used to accurately 
evaluate the feed. 
The price of the S-1 and S- 2 rat ions was estimated to be $5. 8 7  and $3.33 
per hundred weight , respect ively. The cost per hundred weight gain was $10. 9 8  
and $6.56 with the S- 1 an d  S-2 rations , respectively. The difference represents 
a large s avings with the com-s oybean meal type ration. 
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Fi gure 1 .  Average feed consumption by pigs fed both rat ions simultaneous ly . 
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SUPPLEMENTAL LYSINE IN FEED AND WATER FOR GROWING-FINISHING SW INE 
R .  D .  Magstadt and R .  w. Seerley 
The effects of lys ine in fee d  and water at comparable levels were studied 
when the level of crude protein was s lightly lower than normal ly recommended 
for the respe ctive weight of the pigs . 
Ex.perimental Procedure 
Five experimental treatments of eight p igs each were used in this trial . 
Duree and Yorkshire pigs, two barrows and two gilts of each bree d, were equally 
represented in each treatment . The groups were ass igned at random to each 
treatment . The treatments were: 
Lot 1 - Basal ration 
Lot 2 - Basal ration + 0 . 1% lysine in the feed 
Lot 3 - Basal rat ion + 0 . 3% lysine in the feed 
Lot 4 - Basal rat ion + low leve l of lys ine in water (equivalent to 
0 . 1% leve l in fee d )  
Lot 5 - Basal ration + high leve l o f  lys ine i n  water (equivalent to 
0 . 3% level in fee d )  
Experimental p lans were made to compare the effe cts of feeding the same 
quant ity of L-lysine hydrochloride in feed and water. Lysine was added to the 
basal ration at 0.1% or 0.3% . Feed consumption of these pigs was measured 
continuous ly and the quantity of lysine intake was calculated. The levels of 
lysine were adjusted in the water of the counterpart pens to maintain a s imilar 
lys ine intake via the drinking water. The objective was an equal intake of 
supplemental lysine between the methods of feeding during the test period. 
All p igs were se lf-fe d  the rations shown in tab le 1 .  The period of feeding 
each ration is als o shown in the tab le . Water was provided ad libitum to all 
p igs . The pigs were kept on concrete in combinat ion s leeping-quarters and outside 
feeding pens . At 210 to 220 lb .  body weight each p ig was weighed off the trial 
individually and carcass information was obtained.  
Re sults 
Average daily gain was improved by a small margin (3.5% ) by feeding either 
the lower or higher levels of lysine in the water in comparison to the control 
pigs or pigs fed an equivalent level of lysine in the feed (table 2 ). However, 
the difference in daily gain did not develop unti l near the end of the trial, 
which indicated that the e ffect on rate of gain was rather ins ignificant .  
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Table 1 .  Composition o f  Rations , Lb . 
Feeding period 
Crude protein , % 
She lled corn 
Rolle d oats 
Soybean meal (50%) 
Dried skimmilk 
Sugar 
Dicalcium phosphate 
L ime stone 
T . M. s alt 
Trace mineral 
Vitamin-antibiotic premix 
3 to 6 
weeks 
of age 
18 
390 
300 
130 
100 
50 
15 
5 
5 
o . 5  
a 
6 to 9 
weeks 
of age 
16 
540 
300  
1 3 0  
16 
6 
5 
0 . 5  
a 
9 weeks 
to 75 
lb. 
14 
843 
12 8 
16 
5 
5 
b 
75 to 
150 lb. 
12 
890  
80  
18  
3 
5 
b 
150 lb. 
t o  end 
of trial 
10 
9 3 0  
4 0  
18 
3 
5 
b 
a Provided 1135 r.u. vit amin A ,  340 r.u. vitamin D , 4 mg. riboflavin , 8 mg . 
calcium pantothenate , 16 mg . niacin , 2 0  mg. choline chloride , 10 mcg . vitamin 
B12 and 1 . 13 gm. SP-250 per pound of ration . b Provided 1135 I . U . vitamin A, 340 I . U .  vitamin D ,  2 mg. riboflavin , 4 mg. 
calcium pantothenate ,  9 mg . niacin , 10 mg. choline chloride , 7 mcg . vitamin 
B12 and 5 mg. chlortetracycline per pound of ration . 
Lysine in the feed and water appeared to have s ome e ffect on feed consumption 
and feed utili zation .  The control pigs ate more feed per day and required more 
feed per pound of gain than each of the four lys ine-fed groups . Pigs ate the 
least quantity of feed per day on the water treatment ,  yet they had the fastest 
daily gains , therefore , these pigs were the more e fficient in converting the feed 
to body weight . They required 14 and 35 lb . le ss feed per 100 lb . gain than pigs 
fed the same quantity of lysine in feed or the contro l  pigs , respe ctive ly . The 
results of this trial suggested that putting lysine in water was superior to 
adding lysine in the feed. The lower leve ls of lysine in either the feed or the 
water appeared to be as effective as the higher levels .  The performance of pigs 
on the two levels of lys ine within each method of feeding lysine were s imilar , 
which lends more support t o  the di fference s observed in the treatments .  
Lys ine did not appear to have an effe ct on the carcass .  Carcass length , 
backfat , loin eye area and percent ham and loin averages were s imi lar between the 
treatment groups . Loin eye area was larger in the 0 . 1% lys ine (feed )  group , 
but one pig had a larger loin eye than all other pigs in the trial , which improved 
the average . 
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Table 2. Results of Lysine in the Feed or Water 
Lzsine in feed 
Item Control 0.1% 0.3% 
Number of pigs 8 8 8 
Av. initial wt., lb. 13.0 11.9 13.5 
Av. final wt.1 lb. 214 206 211 
Av. daily gain, lb. 1.42 l.39 l.41 
Av. daily feed, lb. 4.63 4.32 4.39 
Av. daily water, gal. .86 .87 .85 
Av. feed per lb. gain, lb. 3.25 3.11 3.11 
Av. daily lysine, gm. 0 2.20 6.75 
Carcass Data 
Av. carcass wt., lb. 153 148 150 
Av. carcass length, in. 30. l 29.9 29.9 
Av. backfat, in. 1.52 1.41 1.45 
Av. loin eye area, sq. in. 4.51 4.85a 4.60 
Av. percent ham and loin 37.3 38.7 38.4 
a Largely due to one pig having a 6.07 sq. in. loin eye. 
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Lysine in water 
(feed e�uivalent) 
o.1% o. 3% 
8 8 
13.0 12.8 
214 213 
1.47 1.48 
4.26 4.28 
• 89 • 86 
2.89 2.90 
2.26 6.88 
154 153 
29.9 29.7 
l.43 1.49 
4.49 4.51 
37.5 37 .1 
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EFFECT OF IRON, LYSINE, VITAMINS AND AN ANTIBIOTIC IN WATER 
ON GROWING-FINISHING SWINE 
R. w. Seerley 
Several studies have been conducted at this station with nutrients or 
additives in the water, but studies have not been made on treatments with 
several nutrients and additives in combination. If water is used as a means 
of feeding nutrients, then it is reasonable that several nutrients could be 
fed in the water. The following experiment was conducted as a preliminary 
investigation on the effects of several nutrients and an antibiotic in water. 
Experimental Procedure 
Experimental treatments were : 
Lot l - Basal ration (complete diet) 
Lot 2 - Basal ration plus 15 mg. of ferric choline citrate per gallon 
of water (8 . 34 lb.) 
Lot 3 - Basal ration without vitamin-antibiotic premix, but the water 
premix in the water 
Lot 4 - High protein ration without vitamin-antibiotic premix, but the 
water premix in the water (This treatment is the same as 39 
except more protein was fed.) 
The experiment was started on June 13, 1966. Pigs were allotted on the 
basis of breed and sex and then assigned at random to treatment. There were five 
Duroc and five Yorkshire pigs in each lot and there were three barrows and two 
gilts in each breed. 
Pigs were confined on concrete in quarters with a sleeping shed and feeding 
floor. Feed and water were provided ad libitum in wooden self-feeders and 80  
gallon tank-type automatic waterers, respectively. All lots, except 49 were fed 
a 14% crude protein ration to approximately 1 10 pounds of body weight. A 12% 
crude protein ration was fed from 1 10 lb. to the end of the trial (table l). 
These rations were adequate and well fortified for good growth and feed 
utilization. Pigs in lot 4 were fed a 16% crude protein ration throughout the 
trial (sixteen percent crude protein is more than recommended for heavier pigs 
by current standards). 
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Table 1. Ration Composition, Lb. 
Higher protein 
Basal ration ration ( lot 4) 
Ingredient 14% C . P .  12% C. P .  16% C. P. 
Shelled corn 16 8 6  17 80 1590 
Soybean meal (50%) 256 160 350 
Dicalcium phosphate 32  36  3 4  
Limestone 10 6 12 
T. M. salt 10 10 10 
Premix a or b a or b a 
a The water premix provided 41000 I. U.  vitamin A ,  400 I . U. 
vitamin D, 7 mg. riboflavin, 19 mg. niacin, 16 mg. pantothenic 
acid, 16 mcg. vitamin B12 1 400 mg. choline, 70 gm. tylosin 
and 15 mg. ferric choline citrate per gallon of water. 
b The feed premix ( lots 1 and 2) provided 1135 I. U. vitamin A, 
340 I. U. vitamin D, 2 mg. riboflavin, 4 mg. pantothenic acid, 
9 mg. niacin, 10 mg. choline chloride, 7 mcg. vitamin B12 and 
5 mg. tylosin per pound of ration. 
Results 
A sununary of the results is presented in table 2. When pigs were fed the 
control ration plus ferric choline citrate in the water, they had essentially 
the same rate of gain, feed consumption and feed efficiency as the control pigs. 
Apparently the ferric choline citrate did not produce any growth response in 
this treatment over that produced by the basal ration. 
Pigs fed the water premix ( lot 3) gained 5.5% faster than the control pigs, 
but they required the same quantity of feed per pound of gain as the control 
pigs. When the same water premix and more protein were fed ( lot 4) , pigs gained 
10.3% faster and required 4.6% less feed per pound of gain than the control 
pigs. 
Both groups of pigs fed the water premix consumed more feed per day than the 
pigs fed the complete feed. The improvement in feed intake probably accounts for 
most of the improvement in daily gain. However, the several variables in the 
treatments cannot be separated and the effect of each nutrient or additive 
individually cannot be determined in this trial. The main effect in lot 4 was 
probably due to more amino acids, but there could have been an synergistic inter­
action effect between ingredients, also. 
In summary, these results are in agreement with most of the other research 
with nutrients in the water. The growth rate and feed utilization of pigs fed 
nutrients in the water were generally at least equal to pigs fed traditional 
complete rations. It appears that vitamins and antibiotics can be added to water 
at about the same cost per pound of gain as feeding the complete ration. There 
is an improvement in feed utilization when lysine is fed in water, but the cost 
is higher at the current prices of lysine. 
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Table 2 .  Summary of Experiment 
Basal Basal High protein 
Basal ration, ration, ration, 
ration with r.c.c. water premix water premix 
Lot number l 2 3 4 
No . pigs 10 10 10 10 
Av. initial wt . ,  lb. 8 1 . 4 82 . 9  79 . 0  7 7 . 2  
Av. final wt . ,  lb. 2 03 . l  2 00 . 0  2 07 . 3  2 0 3 . 6  
Av. daily gain • lb. 1 . 6 4  1 . 6 0  1 .  7 3  1 . 81 
Av. daily feed, lb. 5 . 2 6  5 . 25 5 . 65 5 . 52 
Feed per 100 lb. gain, lb. 3 . 20 3 . 2 7  3 . 26 3 . 06 
2 2  
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STUDIES ON SUPPLEMENTING BARLEY RAT IONS FOR GROWING-FINISHING PIGS 
R. w. Seerleyl , J. w. McCartyl and Albert Dittman2 
In north central South Dakota , barley is more readily available as a fee d  
for swine than is corn . A number o f  studies have shown that barley e ither as 
the only grain or as part of the grain in swine rations supports sat i sfactory 
growth .  Barley has higher protein content than corn but also greater fiber 
content . Like all cereal grains , it is considered low in both minerals and 
vitamins , and supplemental prote in is usually recommended. 
A series of trials using barley as the only grain in rations for growing­
finishing swine have been conducted at the Experiment Station's North Central 
Substation , Eureka . General results of these trials have indicated that pigs 
fed barley in pelleted form gaine d more rapidly and efficient ly than pigs fed 
the same rations in meal form . Increased gains and feed efficiency, howeve r ,  
were not sufficient to offset the extra cost o f  pellet ing . Trials utilizing 
low prote in rations when the barley teste d 11 percent protein or more have 
suggeste d  a re-evaluation of recommendations with respe ct to supplementing 
barley. 
Trial l - 196 5  Fall 
Sixty-four fall farrowed,  cros sbred ,  SPF barrows and gilts were assigned 
to four treatments for this trial. The pigs , all by the same sire , were 
allotted according to litter , sex and weight . P igs were grown out in dirt lot s  
equipped with a portable hog house , se lf-feeder and heated fountain . All rations 
were groun d ,  mixed and self-fed. A samp le of the barrows was slaughtered for 
carcass information at weights of 2 0 0  pounds or more . 
Ration treatments are shown below followe d by table 1 showing ration 
compos ition .  
Lot l - Barley ration with no protein added 
Lot 2 - Barley ration with low level protein added 
Lot 3 - Barley control ration 
Lot 4 - Barley control ration with adde d  lys ine 
1 Department of Animal Science , South Dakota State University . 
2 Superintendent , North Central Substation , Eurek a .  
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Table l. Composition of Rations 
No protein 
added 
Grower and Low f rotein Hiah �rotein 
finisher Grower Finisher Grower Finisher 
Lot number l 2 3 and 41 
Barley 975 932 956 823 908 
Soybean oil meal (44% ) 0 40 20 150 70 
Dicalcium phosphate 10 15 11 15 11 
Limestone 7 5 5 5 4 
Trace mineralized salt 5 5 5 5 5 
Vitamin-antibiotic premix 2.5 2.5 2.5 2.5 2.5 
Calculated analysis 
Crude protein, % 11.0 12.5 11.5 15. 8 13.0 
Calcium, % o.52 0.63 o.53 o.66 o.50 
Phosphorus, % o.50 o.58 o.50 o.57 o.50 
1 Lysine added to drinking water at the rate of 4 gm. per gallon of water. 
Results 
Table 2 summarizes the performance of the pigs by treatment. The positive 
control in this trial is the group fed the higher protein ration without lysine 
in the water. These pigs gained faster and more efficiently than pigs fed the 
low protein ration or barley without supplemental protein (lot 1). The same 
rations in lots 2 and 3 were used in a previous trial (A. S. Series 65-33) and a 
subsequent trial (trial 2). In these summer trials, the performance of the pigs 
fed the low protein ration was nearly as good as in the first trial and equally 
as good as the higher protein-fed group in the second summer trial. There 
appears to be a summer and winter effect. The protein was more nearly adequate 
in the summer. The vegetation may have had a small effect because there was 
some green vegetation, but the quantity of green material was negligible in the 
small lots for 16 pigs. A difference in the quality of the barley could have 
been a factor, but it is believed that the temperature conditions had the most 
influence on the difference in performance. 
An addition of 4 grams of lysine per gallon of water increased daily gains 
.09 lb. per day and decreased feed required per pound of gain by .29 lb. The 
improvement in feed efficiency is similar to the improvement observed with 
com-soybean meal rations. The feed efficiency of all groups was relatively 
poor. A combination of the winter weather1 uninsulated housing, perhaps the 
quality of the barley and a group of pigs with a history of poorer feed 
utilization accounted for the poor feed utilization. 
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Table 2. Performance of Pigs By Treatment 
No protein Low Hi�h ;erotein 
added protein No lysine 
Lot number l 2 3 
Number of pigs 16 16 16 
Av. initial wt. 1 lb. 69. l 68. 6 67. 3 
Av. final wt. • lb. 196. 4 206. 2 224. 8 
Av. final age, days 175. 6 175. 4 171. 9 
Av. daily gain9 lb. l. 31 l. 42 1. 69 
Av. feed per lb. gain, lb. 5. 50 5. 16 4. 42 
Trial ,!_ - Spring � 
Lysine 
4 
16 
66. 8 
223. l 
166. l 
1. 78 
4. 13 
The 1965 spring trial suggested that barley now being grown may require less 
protein supplementation than other work with barley has indicated. To investigate 
further this possibility, two lots of spring pigs were used. 
Recent studies at the Brookings station have suggested that there needs to 
be a re-evaluation of the vitamin requirement recommendations for growing­
finishing pigs. These studies have utilized basic corn rations. Since barley 
has been the grain used for pigs at the Eureka station, a trial was designed to 
determine whether vitamin recommendations are appropriate for that grain. Six 
lots of pigs were available for this part of the trial. 
Experimental animals were 148 spring farrowed, SPF, crossbred barrows and 
gilts, all by the same sire. Pigs were allotted according to age, sex, litter 
and weight. 
Thirty-four pigs from the four older litters were assigned to two lots (1 
and 2) of 17 pigs each. One hundred fourteen pigs from the remaining 12 litters 
were allotted into 6 lots (3 through 8) of 19 pigs each. 
Treatments and ration composition are shown in tables 3 and 4. The rations 
used in the protein study were the same as used in trial 1 of this report and 
the trial conducted the previous summer. The control rations were used in all 
lots for the vitamin phase of the summer trial. Pigs in lots 39 5 and 7 were 
fed the complete grower ration with vitamins during the first two weeks, whereas 
pigs in lots 49 6 and 8 were fed the grower ration without the supplemental 
vitamins. After two weeks, pigs in lots 3 and 6 were fed the ration without 
vitamins, pigs in lots 5 and 8 received a ration with supplemental vitamins. The 
level of each vitamin added was the quantity suggested as the required amount 
for growing-finishing pigs by the National Research Council (NRC). The vitamins 
in the feedstuffs were not considered in this total. Pigs in lots 4 and 7 were 
fed a ration with double the level of vitamins in lots 5 and 8. All groups 
received the same level of an antibiotic. 
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Design for Ration Treatment by Lots 
Lot Number 
3 5 7 
Treatments 
Complete Control Grower 
No 
Added NRC 
Double 
NRC 
Vitamins Vitamins Vitamins 
6 
No 
Added 
8 4 
Control Grower 
Less Vitamins 
NRC 
Double 
NRC 
Vitamins Vitamins Vitamins 
1 Finisher rations were fed beginning at lot average weights of approximately 
100 pounds . 
Table 4 .  Composition o f  Experimental Rations 
Control1 Low ;erotein 
Ingredient Growel'.' FlnlsFier Grower rinlsher 
Bal'.'ley 823 908 932 956 
Soybean oil meal ( 44% ) 150 70 40 20 
Dicalcium phosphate 15 11 15 11 
Limestone 5 4 5 5 
Tl'.'ace mineI'alized salt 5 5 5 5 
Vitamin-antibiotic premix 2 . 5  2 . 5  2 . 5  2 . 5  
l This ration supplemented with vitamins accol'.'ding to tl'.'eatment design in table 
l .  Supplemental vitamins ( NRC level ) :  600 I.U. vitamin A, 90 I.U. vitamin D 1  
1 . 2  mg. I'iboflavin , 5 mg. pantothenic acid , 6 mg. niacin , 25  mg. choline , an d  
5 mcg. vitamin B12 • 
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Results 
Protein Levels . The comparison of performance of pigs fed the control and 
low-protein rations is shown in table 5 .  
Table 5 .  Performance for Pigs Fed the Control and Low-Protein Rations 
Lot number 
Number pigs 
Av. initial wt . ,  lb. 
Av. final wt. , lb. 
Av. daily gain , lb. 
Av. daily feed consumption , 
Fee d  per pound gain , lb. 
Gain per pound feed ,  lb. 
lb. 
Control Grower 
and finisher 
1 
17 
5 8 . 9 
203 . 9  
l . 6 2  
6 . 07 
3 . 75 
. 266 
Low protein 
Grower and finisher 
2 
17 
5 7 . 4  
198 . 9  
l. 64  
6 . 09 
3 . 72 
. 269  
Under the conditions of  this trial there was no difference in gain or feed 
efficiency resulting from the difference in protein level. Pigs were grown out 
in pasture lots approximately 1/3 acre each in size .  Because of the pig 
population this was essentially a dry lot for most of the trial. The results 
were similar to the earlier trial during the previous summer ,  but the protein 
content appeared to be too low during the winter. The data suggests that the 
level of protein supplementation can be relatively low with barley grain , 
especially during the summer months for growing-finishing pigs . 
Vitamin Levels .  The data show that the level of vitamins had very little 
effe ct on the daily gains or feed utilization of pigs ( table 6). Pigs fed 
vitamins gained slightly faster than pigs fed no vitamins and they were more 
efficient in feed conversion than one group ( lot 3 ) , but they were less e fficient 
than the other group ( lot 6 ) .  I f  the data were combined for each respective 
vitamin level,  the feed efficiency of all levels would be similar. 
There did not appear to be any advantage to feeding a high level of vitamins .  
Also , a two week period without vitamins did not affect the pigs . (Note that 
they did not grow as fast during the two week period , but the effect was noted 
later in the trial) 
When good barley and good ingredients are used in rations , the level of 
vitamin supplementation can be relatively low and there is no advantage to higher 
levels of vitamins . 
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Table 6 .  Summary of Performance for Treatments Differing 
in Vitamin Supplementation Level 
For Initial 2 Week Period 
- -
Treatment Control Grower Complete Control Grower less added vitamins 
Lot number 3 5 7 6 8 4 
Av. initial wt. ,  lb. 47 . 2  46 . 8  46 . l  46 . 6  46 . 5  45 . 9  
Av. wt. 1  end of period , lb. 6 7 . 9 6 8 . 3 6 5 . 4  65 . 9  65 . 3  64 . 5  
Av. daily gain, lb. 1 . 48 l. 54 l. 38  l. 41 l. 35 l. 32 
Feed per pig per day, lb. 3 . 95 3 . 68  3 . 76 3 . 67 3 . 6 7  3 . 63 
Feed per pound of gain , lb .  2 . 67 2 . 40 2 .  72 2 . 59 2 . 12 2 . 74 
For Remainder of Test Period 
- -
No Double No Double 
Treatment added NRC NRC added NRC NRC 
vitamins vitamins vitamins vitamins vitamins vitamins 
Lot number 3 5 7 6 8 4 
Av. final wt. 1 lb. 196 . 6  205 . 6  206 . 7  198 . 8 202 . 0  200 . 6  
Av. daily gain 1 lb. l . 73 l. 87 1. 88 l. 79 l. 87 l. 81 
Feed per pig per day 1  lb. 6 . 27 6 . 59 6 . 70 6 . 18 6 . 61 6 . 41 
Feed per pound of gain 1 lb. 3 . 62 3 . 53 3 . 56 3 . 45 3 . 53  3 . 53 
For The Entire Test Period 
- -
Lot number 3 5 7 6 8 4 
Av. daily gain 1 lb. l . 6 9  l . 81 l . 80 l. 73 l. 79 l. 74 
Feed per pig per day , lb. 5 . 90 6 . 12 6 . 24 5 . 78 6 . 14 5 . 97 
Feed per pound of gain , lb .  3 . 48 3 . 38 3 . 46 3 . 34 3 . 44 3 . 44 
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EFFECT OF HEATING ON THE NUTRITIONAL VALUE OF GRAINS 
Robert w. Seerley 
Temperature is a part of the environment and it undoubtedly has some 
influence on all grains . The term heating is rather vague to us because there 
are several types of heat and there is not a definite temperature at the start 
of heating . Also , destruction of the nutritional value of grain may occur in 
the case of fire or normal heating after harvesting . On the other side of the 
coin , the nutritional value of grains may be improved by heat treatment . Heat 
is used in a variety of ways as a part of the total process of improving feed 
grains for animals . For example , toasting of soybeans and peanuts has a 
direct relationship to their nutritional value . Heat is used in pelleting to 
change the physical form of the feed. The merit of cooking grains for ruminants 
is under investigation. 
The number of detailed reports in the literature on the effects of beating 
is relatively small. Therefore , a few reports will be presented in the areas of 
heating after harvest , artificial drying and heat treatment . The reports in 
these three areas are useful to make some j udgments on the effect of heating . 
There are more reports on the effects of heat on soybeans , but it is felt 
that a discussion on soybeans is not the main concern in this report . However , 
a report by Milner and Geddes ( 1946 ) on soybeans illustrates the effect of 
spontaneous heating on grain . Table l shows the changes over time in tempera­
ture , chemical ,  microflora and germination values on soybeans stored at 23% 
moisture ( equilibrium relative humidity approximately 92% ) .  The authors 
stated that total sugars decreased in the initial biological phase of heating 
followed by a sharp rise in the initial phase of spontaneous chemical heating. 
This increase may only be an apparent one since it might well be due to thermal 
cleavage of large carbohydrate molecules such as sucrose , stachyose 1 raffinose 1 
and pentosans to yield numerous small reducing sugar fragments .  The succeeding 
heating then brings about a rapid decline in total sugars . Nonreducing 
substances calculated as sucrose show a s low decline in the biological stage 
of heating and a marked decline as chemical heating sets in . Reducing 
substances similarly declined slightly in the biological heating phase but 
increased drastically at the expense of the nonreducing carbohydrates in the 
region of spontaneous chemical heating. The slight increase noted in the 
protein content was probably a reflection of a decrease in sample dry matter 
weight due to selective respiratory utilization of carbohydrates .  The crude 
fat did not change much until the end of biological respiration , then the 
extractable oil dropped from 20 . 3% to 10 . 5% .  The amount of microflora increased 
up through 49 . 3° c. and then decreased rapidly at the higher temperature s .  
Zeleny ( 1954 ) reviewed the subject o f  changes o f  grain during storage . The 
report indicated that a complexity of interactions of moisture , temperature , 
oxygen supply , microflora , insects and other factors influence the effect on 
grains . Total protein content as calculated from the nitrogen content is 
generally assumed to remain unchanged during storage . There are cases of a 
Presented at the 1966 Minnesota Nutrition Conference . 
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Table l .  Influence o f  Spontaneous Heating on Chemical Composition , Microfloral Infection , 
and Germination of Illini Soybeans 
Chemical analises 
Micro-
flora 
Crude 
protein Sugars Crude Seeds 
Days Temp . ( N  x Non- Non- Reduc- ether in- Germi-
6 . 25 protein reducing Reduc- ing as extract fected nation 
dry nitro- Totall as ing as % of ( dry with 
basis ) gen sucrose glucose total basis ) fungi2 
oc % mg/10 g mg/10 g mg/10 g mg/10 g % % % % 
0 24. 4  35 . 4  22 . 4  444 400 44 lO. o  21. 6 3 93 
w 3 29 . 4 35 . 4  21. 2 410 378 32 7. 8 19 . 5  11 73 0 5 37 . l  35 . 8  21. 2 405 373 32 6 . 9  20 . 2  16 52 I\) 
7 44. 4 35 . l  22 . 2  378 347 31 8. 1 20 . 2  27 30 
8 49 . 3  35 . 2  23 . 6  433 382 51 11. 8  20 . 3  64 0 
10 5 3 . 7 35 . 4  2 8 . 2  417 334 83 19 . 9  19 . 4  40 0 
12 55 . l  35 . 7  34. 7 491 245 246 5 0 . 1  15 . 3  14 0 
13 5 5 . 2  35 . 8  32 . 4  438 251 187 42 . 6  14 . 9  13 0 
15 5 9 . 7 36 . l  32 . 3  443 226 217 48. 9  13. 6 9 0 
17 6 7 . 3 36 . 3  35 . 7  432 172 260 60. 3 12 . 0  0 0 
19 77 . 0  36 . 6  35 . o  291 27 264 90 . 8  l0 . 5  0 0 
Dewar3 
flask 77 . 0  36 . 6  37 . 7  310 5 9  2 5 1  81. 0 ll. 2  0 0 
l Sum of sucrose and glucose . 
2 The majority of the fungi were Aspersillus spp. 3 Samp�e analyzed after 19 days . 
Source : Milner and Geddes ( 1946 ) 1  Cereal Chem. 2 3 : 449 . 
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s light increase in total nitrogen ; however ,  the proteolytic enzymes in grain 
and organisms associated with grain hydrolyze the proteins into polypeptides 
and finally into amino acids . These reactions ordinarily proceed very slowly 
and are not readily measurable until the grain has reached an advanced stage 
of deterioration. Protein digestibility may decrease with storage time , 
e specially at higher temperature s .  Oxidative breakdown of fat is not a 
problem under normal conditions.  However,  lysolytic activity of lipase can 
cause the breakdown of fats into free fatty acids and glycerol during storage , 
particularly when the temperature and moisture contents are high and thus 
favorable to deterioration . No appreciable changes normally occur in the 
mineral content of grains or their products during storage . It i s  possible for 
the percentage of total mineral matter in grain as measured by ash content to 
increase because of the loss of other constituents .  Phosphorus may be more 
available by liberation from phytin by phytase and selenium content of grain 
grown on seleniferous soils will decrease . Carotene content in corn gradually 
deteriorates in time , but the B vitamins are fairly stable under normal 
conditions . 
Wernick ( 1959 ) reviewed in some detail the effects of moisture and tempera­
ture on vitamins in relationship to pelleting. There was little information on 
grains , but the author relied on limited data on rations and more information 
from manufacturers of vitamins . He postulated that the entire group of fat 
soluble vitamins were fairly sensitive to moisture , high temperature , oxidation 
and minerals . Consequently , conditions that decompose vitamin A will also 
destroy vitamins D ,  E and K. Vitamin C is quite sensitive to moisture , 
temperature and trace metals . B vitamins vary widely in feed and pe llet 
stability. Choline and niacin are rather stable under higher temperatures ,  
whereas some of the sources of calcium pantothenate and thiamine are unstable 
in the presence of moisture and temperature . Stability of various manufactured 
sources of B+2 varied from poor to good , but the effect of temperature on B12 and riboflavin in grains was not stated. 
Artificial Drying 
Gausman et al. ( 1952 ) studied the effects of artificially drying high moisture 
( 24 to 74% ) corr:i"at high ( 181° F . ) ,  medium ( 129° F . ) ,  low ( 110° F . )  and normal 
temperatures with controlled humidity and air ve locity. Artificial drying 
rendered corn brittle ; corn harvested at a high moisture content and dried at 
180° F .  was the most brittle . Brittleness decreased as the corn matured and 
there was little change in brittleness caused by artificially drying corn with 
less than 50% moisture . High-moisture corn dried at high temperatures contained 
relatively high sugar and low starch. Reducing sugar and total sugar were both 
high in samples dried at high temperatures . No significant changes were found 
in protein and ash content except they were higher when the initial moisture was 
above 40% and dried at high temperature . Oil content was consistently higher 
in all samples of corn artificially dried than in comparable samples dried at 
room temperature . Differences in biotin and carotene contents were not signifi­
cantly changed due to the drying condit ions . Pantothenic acid and pyridoxine 
decreased whi le riboflavin and niacin increased with high drying temperatures .  
However ,  pantothenic acid and riboflavin were the only constituents which showed 
s ignificant differences when the c�rn contained less than 40% initial moisture. 
Hathaway et al. ( 1952 ) found that drying temperatures up to 240° F. did not 
affect nutrients Of the corn as determined by chemical analysis , but rats did 
not gain as fast when fed diets with corn dried at the higher temperatures .  
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Scientists at the South Dakota Experiment Station ( 1953 ) conducted an 
extensive study on soft corn. According to chemical analysis they postulated 
that so� corn should give about the same r-esults in feeding (on a pound for 
pound basis ) as mature corn. After feeding trials with beef cattle , dairy 
cattle , sheep , swine and poultry they concluded that soft corn had the same 
value as hard corn when figured on a dry matter basis.  In two trials s oft 
moldy corn proved to be palatable to lambs and there were no death losses due 
to spoiled corn in these trials . However, the feeding value appeared to be 
best in the winter before the grain molded.  Also swine , dairy cattle and 
lambs made good use of corn dried at approximate ly 155° F .  when compared with 
naturally dried mature corn. 
Albert and Neumann ( 1955 ) compared corn field dried to 16% moisture before 
harvesting with corn harvested at 30% moisture , shelled and dried at 180° F .  to 
16% moisture . The two groups of heavy cattle had essentially si .ilar daily 
gains and feed utilization . 
Clanton et al. ( 1960 ) studied the nutritive value of dried corn in beef 
cattle rationS:- -Corn was harvested at 25% moisture , which decreased to 20% 
a�er shelling. One batch of corn was dried to 13% moisture by unheated forced 
circulating air. Other batches were dried at 130 ,  160 and 190° F . 1 respectively. 
Digestion trials with four steers were conducted. No significant difference in 
digestibility or metabolizable energy between rations was observed in either the 
growing or fattening phases of the experiment . A decrease in crude fiber 
digestibility at the higher drying temperatures approached significance in the 
growing phase . 
In a series of trials , Benj amin and Jordan ( 1960)  compared high moisture 
coI"Il ( 25 to 35% moisture ) in three forms : ( 1 )  dried at 100° F. , ( 2 )  ensiled and 
( 3 )  dried ,  then water added and ens iled. There was no significant difference 
in nutritive value of the shelled corn or ground ear co?"Il for feeder lambs when 
stored under the various conditions . Carcass grades were similar on the various 
treatments .  Microbiological analysis revealed that the number of aerobic 
bacteria , yeasts and molds was much higher in the ensiled corn. 
Jensen et al. ( 1960)  also compared the effect of heating temperatures on 
corn and the-Performance of pigs . Drying temperatures and times with an 
on-the-farm portable batch drier of 375-bushel capacity were , respectively : 
140° r . •  2 hours , 30 minutes ; 180° r. , 1 hour , 27  minutes ;  220° r. , 55  minutes.  
Average corn moisture before and after drying was 21 . 5% and 12 . 2% ,  respective ly .  
Average gain and feed efficiency on the different corns were very similar within 
each experiment.  In  a 5-week palatability test SO-pound pigs showed a very 
slight preference for 200° F .  shelled corn. When corns were roller ground , 
the choice was definitely and consistently for the 140° F .  corn . Viability tests , 
used to measure possible milling quality , showed decreasing viability with 
increasing temperature above 140° F .  Increased temperature did not appear to 
affect the organic solubles portion but the starch became slightly less 
susceptible to malt amylase digestion.  Vitamin assays showed no e ffect of 
temperature on content of riboflavin , niacin and carotene . However , pantothenic 
acid values for 140° r. , 180° r. and 220° F. drying temperatures were 2 . 58 1  
2 . 40 and 2 . 31 mg. per pound , respectively.  
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Emerick et al. ( 1961) studied the nutritional value of dried high moisture 
corn in chick-a'.'n�rat diets. One source of high moisture corn dried at tempera­
tures of 70 to 250° r. was incorporated into complete diets and fed to chicks 
and rats. Another source of high moisture corn was dried at temperatures of 
70 to 450° r. and fed in similar diets to rats. Only small differences in the 
chemical composition of the corn were found and these did not appear to be 
related to the drying temperatures (table 2 ) .  Drying the corn at temperatures 
as high as 250° r. for chicks and 350° r. for rats caused no significant differ­
ences in weight gains or feed efficiencies despite a mild scorching of the grain 
which occurred at the higher temperature. When corn was severely burned at 
450° F. 1 a significant reduction in weight gain ( 16 . 4% ) and a trend toward 
reduced feed efficiency ( 12 . 6% )  occurred. 
Essentially the same results were found by Taylor et al. ( 1964 ) .  There was 
no difference in growth rate of pigs when fed a ration using crib corn or corn 
dried at 140° r,. or 190° r. Pigs fed corn dried at 2 90° F. gained slower than 
pigs fed the corn dried at the lower temperatures. Analysis of the corn showed 
that the carotene value of the corn decreased slightly with increased temperatures 
or drying time ; however, the carotene content of the crib corn was as low as 
all batches except the corn dried at 290° F. 
Heating Feedstuffs � Rations 
Heat has been used in many ways to affect the nutritive value of feedstuffs ; 
therefore an extensive review could be made on this section. However, only general 
comments and a short review of papers will be used to illustrate the effects of 
heating on grains. 
As mentioned earlier, heating of soybeans and peanuts has been used for a 
number of years to improve the nutritional value of these grains. Some 
scientists have suggested that pelleting causes changes in the ration. Seerley 
et al. ( 1962 ) found a faster rate of food passage when pelleted rations were fed 
to' growing-finishing pigs. However1 heating is only one of several phases in 
the pelleting process and the effects of each phase 1 such as steaming, heating, 
cubing and so forth, have not been made clear. Perry ( 1963 ) showed that certain 
conditions in heating to make gelatinized corn can be related to a higher 
incidence of gastric ulcers in pigs. Recently, there is more interest in 
heating complete rations for livestock, especially for ruminant animals. 
Mitchell et al. ( 1949 ) studied the effects of heat on several protein sources 
and corn. TheY-fOU'nd that cooking cut corn for from 20 to 45 minutes at a steam 
pressure of 45 to 50 lb .  in preparation for flaking decreased digestibility of 
the protein from 90 to 76% and the biological value decreased 3% when fed to 
rats 9 however, subsequent toasting in another trial at 350 to 400° F. increased 
protein digestibility from 74% to 80% , but the biological value remained the 
same as the untoasted corn flakes. 
Newland et al. ( 1962 ) studied the effects of steamed-cooking ground shelled 
corn at 250° F: fo'r 30  minutes, then rolled into ribbons and dried1 on steers 
and lambs. The treatments did not affect daily gain, but the palatability was 
decreased and the various corn prqcessings improved feed efficiency in lamb trials 
from 7 to 16% . The various kinds of processed corn significantly narrowed the 
ruminal acetate : propionate ratio in both species. Jordan ( 1965 ) also observed 
t hat heat processed flaked corn adversely affected grain consumption by lambs 
3 3  
- 6 -
Table 2 .  Proximate Analysis of Corn Dried Under Various Conditions 
Proximate analysis ( Moisture-free basis ) 
H2o after Ether Crude Nitrogen free 
Temp . Time drying extract fiber Protein Ash extract 
(O F . ) ( Hr. ) ( % )  ( % )  ( % )  ( % )  ( % )  ( % )  
No Drying 17. 061 4 . 81 2 . 26 10 . 81 1 . 2 7  82 . 16 
70 10. 87 5 . 02 2 . 2 1  10. 99 1. 24 80. 36 
100 11. 02 5 . 01 2 . 31 10 . 79 1. 33 80. 16 
150 10.40 4. 82 2 . 42 11. 05 1. 2 8  80. 79 
200 8 . 73 5 . 35 2 . 32 11. 02 1. 49 80 . 21 
250 6 . 76 4 . 90 2 . 33 10 . 96 1 . 24 80 . 34 
70 14 . 092 4 . 41 2 . 34 10 . 59 1. 62 81. 04 
150 5 12 . 19 4. 54 2 . 41 10 . 57 1. 82 80 . 66 
200 3 1/4 12 . 54 4. 53 2 . 32 10 . 68 1 . 63  80. 83 
250 2 3/4 9 . 04 4 . 62 2 . 45 10. 68 1. 73 80. 52 
350  1 3/4 10 . 51 4 . 68 2 . 35 10. 72 1. 63  80. 62 
450 2 1/2 4 . 91 4 . 73 2 . 88 10. 76 1. 73 79. 90 
1 Moisture content at the time rations were mixed. Original moisture content = 
21% .  
2 Original moisture content = 26 . 7% .  
Source : Emerick !! !.!.• ( 1961) 9 Poultry Sci .  40 : 991.  
and depressed daily gains , but feed e fficiency was slightly improved. The corn 
was steam cooked at 180° F .  for 5 minutes and then flaked. The temperature of 
the corn raised to 250° F.  for about 10 seconds in the flaking process . 
Matsushima et al. (1966 ) reported on the basis of several studies that feed 
efficiency is improved when steam processed and flaked corn rations were fed to 
beef cattle . They also observed that the physical nature of the grain had some 
influence on the eating habits of the cattle . The cattle eat less at any given 
time but they go to the feeding bunk more times per day. 
Erwin and Ass ociates ( 1966 ) and workers at the Arizona Experiment Station 
( 1966 ) make some s ignificant points about the e ffects of cooking and flaking 
of grain. In general these two reports illustrate that cooking time 9 pressure 
and type of flaking can have much bearing on the nutritional value of grains . 
It is recommended that readers review the original reports for the details of 
these studies .  Als o 9  cooked grain for ruminants was reviewed at last year' s 
conference ( Woods 9 196 5 ) .  
Salsbury et al. ( 1966 )  showed that heat treatment affects the starch portion 
of grains .  The!'r""'liypothesis in the research was that heating of starch used 
in ruminant rations increases the ratio of starch dissimilation in the rumen. 
The results of the research showed that moist heat brings about hydration of 
'the starch and that hydrated starch is digested more rapidly by rumen micro­
organisms than untreated starch. However. autoclaving ground corn or a 
connnercially heated corn without the addition of water resulted in a decrease 
in the rate of dige stion of the readily hydrolyzable dry matter. 
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Stored High Moisture Shelled Corn 
-
-
While this symposium is on high moisture grain , any conclusions made on the 
e ffects of heating in this process on the grain per se cannot be supported with 
extensive research. The results of feeding trials have been used to determine 
the nutritive value of high moisture shelled corn . It has been found that beef 
cattle utilize high moisture corn 10 to 15% more efficiently than they utilize 
regular corn on an equal dry matter basis ( Culbertson et al. , 1957 ; Beeson and 
Perry , 1958 ) .  Pigs have performed about the same or gaI"ne<f more slowly and 
required slightly more feed per pound of gain on high moisture corn in comparison 
with low moisture corn ( Conrad and Beeson , 195 6 ; Becker et al. , 195 9 ; Beeson 
.!! !!• 1 1960 ; Conrad !:,! !!_· 1 1961 ;  Jensen and Becker ,  1961):-
Lass iter et al. ( 1960 ) reported that the feeding value of high-moisture corn 
appeared to be equal to . but not greater than . that of dry corn when compared on 
a dry matter basis.  Also,  Benj amin and Jordan ( 1960 ) stated that neither shelled 
corn nor ground ear corn had an increased nutritive value for feeder lambs when 
it was ensiled. 
Summary 
Based on the discussion presented the following conclusions seem warranted. 
l .  Some chemical changes do  occur when grains heat in storage or they 
are influenced by artificial heat. The extent of alteration or 
deterioration depends on the extent and conditions of the heating 
process . However , these changes which are due to heat are usually 
relatively small and the nutritive value remains surprisingly good. 
The grain must be noticeably damaged for extensive loss of nutritive 
value . In many instances other factors such as molds or fungus 
cause more damage to the grain than heating. 
2 .  The protein and ash content of stored or moderately heated grain 
will remain about the same or increase slightly due to a decrease 
of moisture . High moisture and heat may cause some breakdown of 
polypeptides to amino acids . Fat is fairly stable , but high 
temperature and moisture can cause enzymes to breakdown fats to 
free fatty acids and glycerol. 
3 .  Cooking grains or rations affects the nutritional value . The 
effects depend on many conditions ,  such as the amount of heat , 
cooking pressure , moisture used ,  time of cooking and other factors 
will affect the end product . 
4 .  Heating starch with moist heat in the cooking process causes 
hydration of the starch and the hydrated starch is more rapidly 
digeste d  by rumen microorganisms than untreated starch . 
s .  The e ffects of heating on ensiled high moisture corn has not been 
well established by research 1 but the heating effe ct per !!_ is 
probably small. 
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STEPS TO HIGHER LITTER AVERAGE 
L. J. Kortan 
A. s. Series 66-26 
Swine producers in the U. S .  farrow approximately 13 million sows each 
year. From these sows . 120 million or more pigs are born . Survey studies show 
that a�er one week of age 1 approximately 2 0% of  these pigs are dead1 and within 
three weeks another 5 to 10% die . The loss of 20 to 25 million newborn pigs 
during the first few weeks of their life represents a staggering loss of potential 
profits which the swine industry is forced to bear. 
If you are one of the producers that keep losses down to at least half of 
this average loss 1 then you no doubt have had satisfactory profits and like the 
hog bus iness . On the other hand1 if your losses equal the national survey studies ,  
you are probably wondering if you should remain in the hog busines s .  
Raising your pig-per-litter average i s  the best profit opportmiity you have 
in cutting costs and increasing returns in your hog enterprise . Planning for 
increased pig-per-litter average must 1 of course 1 start where you are now.  The 
re cord on your present program is the best source of information . Analyze this 
record and determine your strength and weakness . If records are not available 1 
then take an inventory of your present situation. 
Include in your inventory : Facilities 1 equipment 1 labor and problem areas . 
Now develop your plan and then establish realistic goals for the future . 
A realistic goal should be ten to eleven pigs weaned per litter for a good swine 
producer. Be prepared before the pigs arrive , and during farrowing be with your 
sows . 
Following is a check list of items that can influence baby pig losses : 
Overfeeding .!!!!_ Breeding � 
Research work has definitely proven that sows will overeat during the 
gestation period causing them to become too fat 1 which may affect litter size . 
Hand feeding,  feeding stalls or substitution of increased levels of roughage in 
properly balanced self-fed rations will help correct this problem. Hand feeding 
four pounds of a properly balanced 14% protein ration the first 2/3 and then 
increasing the amount to 5 pounds of a 16% protein ration the last 1/3 of the 
gestation period has been very satisfactory. 
Prepared for the National Hog Farmer1 October 1 1966 . 
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Farrowing House Properly Cleaned 
Farrowing house must be cleaned. No dirt , manure , bedding , rodents , birds 
or flies . A high pressure stock sprayer or steam cleaner will help complete the 
j ob .  Then use one of the recommended disinfectants as outlined under directions 
found on the container. If possible , clean and disinfect at least two weeks before 
each farrowing .  
Farrowing Stalls 
Farrowing stalls assist in restricting the movement of the sow. This normally 
helps prevent crushing or crippling of newborn pigs . A few sows may not be 
satisfied when first confined to stalls and might fight or attempt to turn around. 
Working with sows by handling them when possible during the gestation period and 
prior to farrowing will often improve their disposition and may reduce such problems . 
Wash The Sow 
Before the sow goes into farrowing quarters , she should be thoroughly 
cleaned with warm water and soap . Give special care to the udder sections and 
feet.  Make certain all dirt and filth have been removed. 
A dry farrowing pen will help eliminate many of the baby pig scouring 
problems commonly seen in moist surroundings . Bed lightly using untreated wood 
shavings , ground straw, or fine ground corn cobs ( 1/4" hammer mill screen ) .  
!!, Present !!_ Farrowing 
There is absolutely nothing that will replace the herdsman during the period 
of farrowing . Remove fetal membranes to prevent suffocation , prevent possible 
chilling , dry pigs off and make sure they get a stomach full of milk . 
� Injection � Small Pigs 
Recent studies on baby pig survival show that milk injection into the stomach 
of the newborn pig that weighs under 2 . 5  pounds has beneficial effect . 
After birth , the pigs are permitted to stay with the sow and nurse the 
colostrum milk . Pigs are inje cted with two doses of 15 cc. per dose on the first 
day , one dose of 20 cc. on the second day , and one 20 cc. dose on the third day. 
A 20 cc. syringe with an attached 1/16 inch diameter rubber hose is used to 
feed the milk. Pigs are held vertically by their head and their j aws are forced 
open with fingers and thumb. The rubber hose is directed down the esophagus to 
the stomach. After the tube is in p lace , the milk is put into the stomach by 
pressing the plunger on the syringe . 
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The milk mixture should contain one quart of milk , one-half pint of half 
and half ( a  product made with l/2 milk and l/2 cream) and one egg. 
Clip Needle Teeth 
Sharp needle teeth in baby pigs ' mouths cause inj ury to saw' s udder and to 
other newborn pigs . Use a pig  teeth clipper and clip needle teeth. Avoid any 
injury or open wound to pig ' s  mouth . 
Treat Navel Cord 
The navel cord is a point where infection may enter. Treat navel cord with 
a tincture of iodine solution ( 15% ) within 2 to 3 hours of birth. The effective­
ness of this practice is questioned if the pig is allowed contact with floors or 
litter that is damp and dirt"Y before treatment is made . 
Quarantine � Swine � 
Provide yourself with a foot-bath containing disinfectant at entrance of 
buildings . Only the man caring for the pigs should be allowed to enter. 
Equalize Litters 
If transfer of pigs is made between sows , do it within 24 hours of farrowing 
if possible. A�er transfer is made , allow all pigs to sleep and mingle together 
for an hour or more before p lacing with the sow .  
Control Anemia 
Pigs will require supplemental iron if farrowed on concrete or wooden 
floors . Treat baby pigs with one of the recommended iron shots , paste or pills 
when 2 to 5 days of age . Pigs are subject to anemia until they are eating 
enough creep feed to meet their iron requirements 1 or until they are p·laced on 
pasture . 
Feeding !h!. Baby Pig 
When pigs are two weeks old , they should be consuming a well fortified 
palatable pig starter. A protein level of 18 to 20% is recommended.  Encourage 
early eating by providing a creep feed at 10 days of age . Creep area should be 
well lighted and comfortable . Keep feed fresh , supplying a small amount at 
regular intervals . A fresh clean supply of water should also be provided for 
baby pigs . 
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FACTORS AFFECTING NUTRIENT REQUIREMENT OF SOWS DURING PREGNANCY 
R. w .  Seerley 
If restricted feeding is contemplated ,  a few points deserve spe cial 
consideration in the feeding program. When the program is geared to meet the 
needs of the individual sow and not fee d exces sive quantities of nutrients ,  
more planning is necessary to properly feed each sow. Consideration should 
be given in at least these areas : 
1 .  Age of the sow. First litter gilt s  require nutrients for maintenance , 
- - �  . .  growth and reproduction , whereas more mature sows require nutrient s only for 
maintenance and reproduction. Therefore , gilts should be fe d more nutrients 
per pound of body weight than the more mature sows. The total dai ly feed intake 
should be about the same for gilts and sows. Sows who have been nurse d  down 
into extreme ly thin condition should be given some additional feed .  
2 .  Season � � year. Th: amount of energy needed b� sows depends on 
several factors , but one of the important factors is the climatic temperature. 
More calorie s are necessary for body maintenance in the winter and more calories 
may be needed by sows who are kept in open hous ing during the winter in the 
northern region of the Unite d  States. Sows should be fe d one-half to one pound 
per day additional fee d  during the coldest months. Good quality hay or grain can 
provide the additional feed .  
3 .  Pasture or drylot. The quantity of energy in a ration can be greatly 
reduced when sows-are on lush legume pasture. Energy , protein and vitamins can 
be lowered in the fee d ,  but the mineral content must remain suffi ciently high to 
insure adequate mineral intake. The minerals should be included in the ration 
be cause the consumption of minerals on a free-choice basis is usually quite 
variable . If pasture is poor in quality or not avai lable , then more nutrients 
must be fed daily. 
It is important to consider the differences in composit ion of alfalfa 
pasture , alfalfa hay and cereal grains when formulating rations for s ows. For 
example , table 1 shows a comparison between alfalfa pasture , alfalfa hay and corn. 
The alfalfa is relative ly high in calcium and low in phosphorus in comparison 
with corn . The quantity of phosphorus consume d from pasture by a sow is quite 
low , whereas the intake of calcium would be higher .  The reverse would be the 
case with corn or other cereal grains. Therefore , mineral supplementation should 
not be the same in drylot as on pasture (unle s s  an equivalent amount of hay is 
used in drylot ) .  
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Table 1.  Average Composition of Protein , Ca and P, Percent 
Crude 
protein Calcium Phosphorus 
Green alfalfa forage 4 . 6  0 . 4  0 . 06  
Alfalfa hay 15 . 3  1 .47 0 . 2 4  
Corn 9 . 0  0 . 02 0 . 21 
4 .  � .2!.  feeding stalls . Each sow must have the opportunity to consume 
her share of feed. Feeding stalls appear to be an important part of a good 
restricted feeding program when a number of sows are fed together. Restricted 
feeding at the lowest limits cannot be practiced unless each sow has the opportu­
nity to eat the quantity given to her. Furthermore , the social order appears to 
be more complex than heretofore thought . There is evidence that some sows are 
under stress and more management controls will be used in the future to reduce 
these stresses.  
5 .  Early weaning. S ows who have been maintained in moderate condition 
during pregnancy cannot afford to lose excessive weight during lactation .  A good 
lactating sow naturally loses weight and they can become extremely thin when 
nursed for eight weeks.  Early weaning can help reduce the stress on the sows 
during lactation and keep them in better condition for the next pregnancy . It is 
also good to have these sows on a full feed as soon as practical after parturition.  
In  many cases this can be  immediately after farrowing , but the rate of  reaching 
a full feed after parturition may be slower in cases of disease and other 
complications . 
6 .  Increase feed intake at breeding . A review of the literature on high 
and low planes of Ii'U'trition prIOr to and during breeding reveals that the experi­
mental results have been quite variable . Some studies suggest that a greater 
ovulation rate occurs in sows fed on a high plane of nutrition at breeding 
( Robertson et al. , 1951 ;  Christian and Nofziger , 1952 ; Self et al. , 1955 ; Sorensen 
et al. , l96I; ZTmmerman et al. , 1960 ; McGillivray et al. , 1962):-- However,  
embryonic death loss may"""be"liigher , especially if 'the-Plane of nutrition remains 
relatively high during pregnancy. Embryonic survival is usually as good or 
higher when a lower plane of nutrition is used during pregnancy. 
McGillivray et al. ( 1963 ) and Mayrose et al. ( 1966 ) observed an improvement 
. -.-- - - . . . in the number of pigs farrowed when a low plane of nutrition was used at breeding 
and in early pregnancy . Other reports have indicated little or no advantage to 
more feed at breeding. 
The effect of plane of nutrition on the physiological mechanism of ovulation 
rate is not known . The hormone pattern in the sow could be affected. The general 
health (broad interpretation ) could be improved. Any sow under stress at breeding 
is apt to ovulate fewer high quality ova. A high plane of nutrition or an 
antibiotic treatment may reduce the stress on the animal and permit optimum 
reproduction . A sow already in a healthy state and previously fed a high quality 
ration and antibiotics may gain very little at breeding by receiving more of the 
same ration because she was already prepared for optimum reproduction . 
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NUTRIENTS FOR REPRODUCTION ( A  review of some of the recent research ) 
1 .  Total nutrients. Sows do not require a large quantity of feed for 
e ffi cient reproduction , but the real question is how much do they require. Meade 
et al. (196 3 ) stated that se cond to fourth litter sows being maintained on excellent 
pasture can be fed as little as 3 lb .  of a 15% protein ration during the first 
8 0  days and 4 lb. per head daily during the last 3 0  days of gestation with excellent 
results. Fee ding too low a level of energy to pregnant sows and gilts in drylot 
during winter months results in low average birth weights of pigs and a high 
percent o f  pigs which are weak in strength . Clauson et al . ( 196 3 )  also reported 
that sows fed 3 lb. daily of a high energy ration ( fa:r-add'e d )  during pregnancy 
(5 lb .  at breeding ) farrowed and weaned approximately the same number o f  pigs as 
sows fed 6 lb. of ration daily , but the more limited- fed sows farrowe d smaller 
pigs in three o f  the four trials. In other trials in which the quantity of 
ration has been between 4 and 6 lb . daily , the reproductive performance has been 
satisfactory (Meade and Hanson , 1965 ; Mayrose et al. , 1966 ; Seerley and 
Fredrikson , 1966 ) .  � � 
In a study in progress at this station , it appears that 3 lb . daily with 
no other source of fee d  is not adequate for gilts during the winter months. 
Practical levels of feeding range between 4 and 5 lb. of feed per day . A lower 
level can _be fed during a part of the gestation period , but more nutrients 
should be provide d by pasture , hay or grain in the latter part of pre �1ancy . 
2 .  Prote in . When good quality protein sources are used in gestation 
rations , the quantity of protein can be less than the current level re commended 
by the National Research Council. Clauson et al. (19 6 3 ) compared 0 . 3  lb .  with 
1. 2 lb . of protein daily during pregnancy. -.Although the differences in repro­
ductive performance were not significant , there were trends favorin� the highe r 
level of protein . However,  the good performance of sows on the low level indi cates 
that the recommended levels are higher than ne cessary . Forbish et al. (196 6 ) 
found that sows fed 0.8 lb. of crude prote in daily did not farroW-significantly 
heavier or more live pigs than sows fed 0.4 lb . protein daily , but they did we an 
more pigs .  
Speer (19 6 6 ) pre dicted that the future re commendation for crude protein will 
be about 0.4 lb . instead of the current level of 0.9 lb. For example , if  4 lb .  
were fed per day , the ration would be 10% in crude protein. As the level of crude 
protein is de creased ,  the balance of amino acids will be more important . The 
amino acid requirement of gravid gilts has been studied at the Illinois station . 
The suggested level of amino acids are shown in the following table ( from 
Rippel .=.!_ �. ,  1965 ). 
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Suggested Amino Acid Needs ( Pe rcent of Die t )  of the 
Gravid Gi lt and the Finishing Pig 
Amino acid Gravid gilt Finishing piga 
Arginine o .  3 8b 0 . 15 
Hist i dine o . 11b 0 . 14 
I s o leucine o . 37c 0 . 3 5 
Leucine o . 5 6b o . 4o 
Lysine o . 42c o . 4o 
Methionine o . 19c 0 . 18 
Cystine 0 . 0 9 0 . 12 
Phenylalanine o . 3 ob 0 . 22 
Tyrosine 0 . 33 0 . 10 
Threonine 0 . 34 0 . 2 7 
Tryptophan o . 01b 0 . 0 1  
Valine 0 . 46 0 . 2 8  
a Becker et al.  ( 19 6 3 ) .  
b Requiremen�probab ly does not excee d  but may be les s  
than the given value . 
c Rippel !:,,! �· ( 1 9 6 5 ) .  
3 . Minerals and vitamins .  There is lit tle recent eviden ce in the literature 
on mineral and vitamTn requirements o f  the gravi d sow. The current recommended 
leve ls on a daily basis should be followed until there is good evidence to change . 
I f  lower levels of energy and protein are fed 9  there is the risk o f  lowering 
mineral and vitamin intake in the comp lete ration unless the rations are more 
highly fortifie d .  Harmon et al . ( 196 5 )  found that 0 . 34% phosphorus was inadequate 
in a ration fed at the rate-"or-4 lb . per day .  Te ague and Grifo ( 1966 ) showed that 
1eve ls of vitamin B12 • 10 or 100 t imes higher than NRC 9 did not a ffe ct the number 
of live or sti llborn pigs farrowe d .  Pigs in the high vitamin groups were heavier 
and stronger 9 but the performance was s im:i.lar for all groups at 14 days of age . 
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A d i s cu s s ion o f  Ma stiti s Metriti s Ag a l a ct i a  Syndrome 
Ke i th Van Steenbergh, DVM. l/ 
Symptoms o f  mastiti s  metriti s a ga l a ctia syn drome in sows are l a ck o f  appetite , 
stop in mi lk flow ,  fever o f  1 03 to 1 05 ,  shivering or trembl ing , a hot firm udder 
24 to 72 hours a fter farrowing. Mo st o ften there is a white mu co i d  di s charge from 
the vul va .  Sows may or may not a l l ow newborn p i g s  to nur s e , with the re sult that 
newborn p i g s  st arve to death. Sows wi l l  have normal l i tter s of p i g s , o r  may have 
we ak or sti l l bo rn p i g s .  
Wi th a di s cus s i on o f  ma stiti s metriti s a ga l a ctia or MMA , we should l o ok at 
di f ferent the or i e s  or sugge sti ons as to cause o f  d i s e a se . Numerou s  i d e a s  or 
sugg e stions have been made , but so far none have been proven . 
Sugge sted cau s e s  or fa ctors : 
Endo crine or Hormone imba l ance . 
a .  Gene t i c  tra it 
b .  Al fa l fa - Estro gen s in a l fal fa 
c .  Fus arium spp . - A mo l d  on corn that pro du c e s  e s tro gen s .  
Ba cter i a  - Some think bo ars mi ght be c arri e r s . 
a .  E s cheri chi a Co l i  - mo st o ften in criminated 
b .  Strepto co c cu s  spp . 
c .  St aphyl o co c cu s  spp . 
Mycop l a sma or PPLO - organ i sm s  that Tex a s  workers have i so l ated from uteru s .  
Fungus 
a .  Ergot - . 5  to 1% in ration inhi bits normal mammary deve l o pment - i f  
removed from ergot e l even days be fore farrowing , mamm ary 
gl ands be come functional at farrowing. 
Metri t i s  - low grade infe ction at time o f  birth or retained a fterbirth . 
Some suggest thi s  a s  a toxemi a .  Other s sugge st organi sm come s 
from dige stive tr a ct .  There i s  a con stipation o f  bowe l at 
farrowing. 
Mastiti s - Staphyl o co c cu s spp . and Strepto co c cus spp . a s  a l ow gra de i n fe ction , 
whi ch at farrowi ng time give anti gen i c  r e a ction . 
Mana gement - L a ck o f  exer ci se or c l o se con finement - f i l th ,  chi l l ing o f  sows 
a t  farrowing time , and others think it i s  more severe i n  hot 
weathe r ,  in other word s ,  stre s s  on sow. Nutrition has been 
given as the c au s e .  
Treatment i s  u su a l ly symptomati c a l l y ,  i f  n o  milk pre sent , u se o f  hormone from 
_po sterior pitui tary wi l l  cau s e  l e t  down o f  milk , but repeated inj e ctions may be 
ne c e s sary. Anti bioti c s  have been given oral l y ,  by inj e ction , and in uteru s by 
ba l l ing gun or do se s yringe ri ght a fter farrowing with varying re sul t s .  
1 Department o f  Veterinary Science , So uth Dak ota State Un iver sity 
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PORTABLE FEEDING STALLS 
R. W. Seerley 
A .  s. Series 6 6-2 9 
Feeding stalls aid a restricted feeding program. Feeding stalls are used 
to provide a place for sows t.o consume their feed with a minimum of interference 
from other animals . Many stall plans appear to provide an entire four-sided 
pen for each sow. These stalls may be more elaborate and costly than necessary. 
A simple stall made of a small partition is probably adequate to keep the sows 
apart . The stalls in the photos illustrate four different types . Table 1 
shows their cost.  
Photo 1 and Photo 2.  These two stalls have basically the same design. The 
side panel in photo 1 is constructed with two 2 x 4 inch pieces while the side 
paneling in photo 2 is a single 2 x 10 inch piece . Metal posts are spaced 20  
inches apart , driven into the ground and the panels are clamped to the posts . 
A wooden trough with individual stall partitions is used in these stalls , but a 
metal trough is preferred. These stalls can be used with or without a floor. 
The stalls can be dismantled and moved to  another pen . 
The stalls are effective in the objective of keeping the sows separated 
while eating. The additional length of each stall ( B  ft . )  appears to discourage 
the more aggressive sows from forcing the timid sows out of the stall. The posts 
and two inch lumber make up most of the cost in the units . Although these are 
as expensive or more expensive than the others shown , they are durable and the 
materials can be used for many years . It is also believed that 6 inch partitions 
or 8 inch width boards made of lighter material would work satisfactorily and 
reduce the cost .  
Photo 3 .  This is  a modified stall because it does not have a partition 
between the animals . The eating spaces are separated by a structure over the 
trough , but the sows are not contained in a stall .  This type of  stall is 
satisfactory in situations with many sows and more available space . A few empty 
eating spaces are desirable to permit sows to the trough without disturbing 
other sows . Fence line feeding can be used when many sows are fed at the same 
time . This type would not work as well as the other stalls if strict 
individually controlled feeding was needed. 
This system is inexpensive and appears to be satisfactory under most 
commercial conditions . Fence line feeding would minimize the labor with large 
herds . 
Photo 4.  This unit contains more materials in the partitions than necessary 
to keep the-sows separated, but it is more typical of stalls in use today . It 
is not more expensive than wiits 1 and 2 because one inch lumber was used. 
However , they depreciate rapidly and their life span is relatively short . 
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Table l .  Cost of Feeding Stalls 
l 2 3 4 
Photo l Photo 2 Photo 3 Photo 4 
Lumber ,  $ 25 . 90 2 7 . 46 14. 34 40 . 80 
Posts ,  clamps and nails , $ 15 . 70 13 . 48 0 . 30 o . 50 
Cost without floor , $ 41. 60 40 . 94 14 . 64 41 . 30 
Floor cost , $ 2 5 . 40 25 .40  25 . 40 2 0 . 54 
Cost with floor , $ 61. 00 66. 34 40 . 04 61. 84 
Cost per stall , $ 11. 17 11 . 06 6 . 67  10 . 31 
48 
Photo l 
Photo 2 
49 
Photo 4 Phot o  3 
This picture shows the stalls as indicate d 
by phot o  4 and 3 ,  respectively . 
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PRODUCTIVITY IN A CROSSBRED HERD OF SWINE 
J. w. McCartyl and Albert Dittman2 
Records available for the rotation breed cross herd at the North Central 
Substation , Eureka , provide a look at what happens to  herd performance , over 
t ime , in a herd in which an attempt is made to apply information learned from 
research about breeding for performance . 
This herd is maintained under conditions and management s imilar to many 
commercial swine operations . Herd management was described in some detail in 
A . s .  Series 65-26 ( S . D . s . u .  Swine Day , 1965 ) .  
The breeding program is a systematic rotation breed cross , with a new 
generation each year. Replacement gilts are selected from each pig crop with 
emphasis on litter performance , growth rate , and minimum backfat . Herd boar 
replacements represent the Hampshire , Duroc and Yorkshire breeds and are used 
in that order so that a cycle of use is completed every three years . Boars 
are chosen principally for growthiness and meatiness from purebred herds doing 
some testing including carcass evaluation . 
Litter performance , weight records , backfat probe of gilts , and barrow 
carcass data are collected on each pig crop so that the level of productivity 
each year can be evaluated.  A summary of these data are shown in table 1. 
The 5 litters in 1962 were the first litters by primary SPF stock taken 
from station owned dams . SPF status of the herd has been continued based on 
health checks of barrows slaughtered from each pig crop , and by purchasing boars 
from known SPF herds . 
Small differences are apparent among seasons for litter and growth 
information. Generally performance has been maintained at a consistently good 
level . Since the heritability of litter size is so low , differences in litter 
size among years are expected to be largely the effect of season. 
Desirable changes appear to have occurred for carcass backfat , loin eye 
area and percent ham and loin . From the standpoint of merchandising pork , large 
loin eye size is desirable . Research , however ,  has shown that loin eye area and 
percent lean cuts are not highly re lated. A more reliable indicator of meatiness 
has been shown to be backfat thickness . This trait is simply measured on the 
live hog , and along with visual indications of meatiness , is use ful in selection 
for meatier hogs . Note that in these data there is a tendency for higher ham-loin 
percentage to  be associated with thinner backfat . 
l Department of Animal Science , South Dakota State University . 
2 Superintendent , North Central Substation , Eureka. 
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Table 1 ,  Litter and Carcass Data for the Eureka Substation Herd 
1962 through 1966 
Breed of sire 
Number of litters 
Pigs per litter : farrowed alive 
weaned ( 5 6  days ) 
154 days 
Weight per pig :  farrowed alive 
weaned 
154 days 
Weight per litter :  farrowed alive 
weaned 
154 days 
Number carcasses (all barrows ) 
Market age 
Market weight 
Carcass length 
Carcass backfat 
Loin eye area 
Number ( %) over 4 sq. in . 
Percent ham and loin 
1962 1963  
Litter Data 
y 
5 
9 , 6  
8 , 8 
8 , 4  
2 . 8  
5 0  
2 45 
2 7  
437 
2 0 5 5  
H 
19 
11 . 4  
9 . 3 
8 , 9  
3 , 0  
44 
216 
34 
4 11 
1936 
Carcass Datal 
2 0  
144 
2 15 
2 9 , 7  
1 , 6 8 
3 , 10 
0 
3 4 , 0 
6 6  
15 2 
2 2 3  
2 9 , 2  
1, 6 4  
3 , 93 
2 8 ( 42 ) 
3 5 , 6  
1964 
D 
17 
11 , 0  
10 , l  
10 , 1  
3 , 0 
46 
2 2 3  
3 3  
46 9 
2245 
69  
150 
2 14 
2 9 , 4  
1 , 6 0  
3 , 8 9 
2 4 ( 35 ) 
3 6 , 8  
1965 
y 
16 
11 . 2  
10 , 6  
10 , 4  
3 . 1  
41 
213  
3 5  
4 3 3  
2 2 2 7  
3 5  
15 1 
2 16 
2 9 , 6  
1 , 7 1  
3 . 9 6 
15 ( 43 )  
3 9 , 2 
1966 
H 
16 
1 1 , 8 
11 . l  
11 . 1  
3 , 1 
43 
218 
37 
477 
2 416 
61 
1 5 3  
2 15 
2 9 . 6  
1 . 35 
4 . 6 8  
5 4 ( 89 ) 
40 , 6  
1 Carcass data collected with the cooperation of Armour and Company, Huron 1 
South Dakota , 
For 2 of the 5 years 1 1 9 6 3  and 1964 1 two sires per year were used, In the 
other seasons all pigs were by a single sire . Therefore 1 year and sire are not 
separable as influences on performance in those years , For the 2 years in which 
pigs by 2 sires were raised1 there were only small differences between sire 
progenies , Both the data and the pigs suggest that the sire of the 1966 pig 
crop was important in increasing meatiness in the herd, 
Selection practiced in this herd has been based on more complete information 
on the female side , Gilts saved and farrowing litters have represented approxi­
mately the best 20 percent for over-all performance merit of the pig crop in 
which they were raised, Boars have been desirable representatives of their 
herds and breeds , but it has not been possible to evaluate them as completely 
as for gilts , although all available information has been used, 
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Data in this herd , in which special e ffort i s  made to choose replacements 
based on performance information , indicate that it has been poss ible to maintain 
a good level of ferti lity and growing ability whi le making gradual improvements 
in meatiness of the herd. Michigan work emphasizes that because of the number 
of females neede d  as replacements , only small change s in productivity are 
like ly to occur from select ion among available gilt s .  Relative ly rapid improve­
ment in performance is poss ible by the careful se lection of superior s ires 
because so few sires are neede d  as compare d to the number of dams . 
5 3  
